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I. INTRODUCTION

Many stocks of the wild salmonid populations in the
Puget Sound ecoregion have declined. In March 1999,
the National Marine Fisheries Service (NMFS) listed
Puget Sound chinook salmon as a Threatened

species under the Endangered Species Act (ESA). In
November 1999, the U.S. Fish and Wildlife Service
(USFWS) listed bull trout as a Threatened species
under the ESA. Other populations and species are
under consideration for listing as Threatened or
Endangered under ESA.

The Habitat Limiting Factors and

Reconnaissance Report

As a first step in the long-term commitment to
salmonid recovery in Water Resource Inventory

Area 9 (WRIA 9) and Vashon-Maury Islands, staff and
representatives from the Washington Conservation
Commission and the WRIA 9 Steering Committee
worked together to develop the Habitat Limiting
Factors and Reconnaissance Assessment Report. The
purpose of this report is to provide a current snapshot
in time of the existing salmonid species and the
habitat conditions that limit the natural production of
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salmonids in the Green/Duwamish River watershed,
the independent drainages to Puget Sound from Elliott
Bay south to the Puyallup watershed, the drainages on
Vashon-Maury Islands, and the nearshore. This area is
collectively termed WRIA®9 for the purposes of this
report. This report:

* Provides a summary of what is known about current
and past salmonid species and habitat conditions in
the WRIA for future reference;

* Provides baseline information for the WRIA (based
on currently available data) for use in the
implementation of an adaptive management
program;

* Identifies habitat limiting factors in the WRIA, key
findings, and associated data gaps that will be used
to build the WRIA 9 Salmonid Conservation Plan;
and

* Provides preliminary guidance for policy makers to
determine next steps and direct resources for the
recovery process.

Focus on Habitat Limiting Factors
While the causes of declining salmonid populations
can be attributed to many factors, this report focuses
on human-controlled modification or destruction of
saltwater nearshore and freshwater habitats and the

changes to ecological processes that affect those
habitats in WRIA 9.



Il. WATERSHED OVERVIEW

Physical Description

The Green/Duwamish River is the largest freshwater
component of WRIA 9. The Green/Duwamish
mainstem is responsible for producing the eight major
species of anadromous and resident salmonids present
in the watershed. The Green/Duwamish River
watershed begins in the Cascade Mountains about 30
miles northeast of Mount Rainier and flows for over
93 miles to Puget Sound at Elliott Bay in Seattle. It is
bounded on the north by the Lake Washington
watershed (WRIA 8) and to the south by the Puyallup
watershed (WRIA 10). Historically, the White, Green,
and Cedar (via the Black) Rivers flowed into the
Duwamish River, and the system drained an area of
over 1,600 square miles. Because of the diversion of
the White River in 1911 and the Cedar River in 1916,
the Green/Duwamish drainage area has been reduced
to 556 square miles.

To help us better understand the Green/Duwamish
watershed and WRIA 9, we have divided it into six
geographic areas as shown in the corresponding map
(see centerfold map on pages 8-9):

» Upper Green River Sub-watershed (River Mile 64.5
to 93+, Howard Hanson Dam to headwaters)

« Middle Green River Sub-watershed (River Mile 32.0
to 64.5, Highway 18 to Howard Hanson Dam)

« Lower Green River Sub-watershed (River Mile 11.0
to 32.0, Black River to Highway 18)

« Green/Duwamish River Estuary Sub-watershed
(River Mile 0.0 to 11.0, Elliott Bay/Harbor Island to
Black River)

« Nearshore Sub-watershed (independent tributaries to
Puget Sound and Vashon-Maury Islands)

* Nearshore Sub-watershed (estuarine/marine waters
and habitats)

These divisions make sense because of natural and/or
anthropogenic landscape features. However, the sub-
watersheds are all linked together as part of the larger
ecosystem and by the processes necessary to support
naturally produced salmonids.

Land Uses and History

Land uses differ considerably across the watershed
and there are few watersheds in the Puget Sound basin
that match the extremes evident in WRIA 9. In the
Upper Green River Sub-watershed, land is devoted
almost entirely to forest production. The Middle Green
River Sub-watershed is characterized by a mix of
residential, commercial forestry, and agricultural land
uses. Residential, industrial, and commercial uses
prevail in the Lower Green River Sub-watershed. The
Green/Duwamish River Sub-watershed is split
between residential and industrial uses. Independent
tributaries to Puget Sound, including Vashon-Maury
Islands, are primarily residential with small areas of
commercial development and mining.

These land uses have emerged over the last 150 years,
which have seen a number of other fundamental
changes to the WRIA. Some of these major historical
changes include:

+ 1851 European settlement begins in the Duwamish
River.

+ 1880-1910 Logging occurs across much of the
watershed and in the lower river valley; agricultural
land use expands.

+ 1911 White River is diverted from Green River to
Puyallup River for flood control, reducing watershed
area by 30 percent.

* 1913 City of Tacoma begins diverting water from
Green River to provide water for homes and
industry. Anadromous salmonids are blocked from
Upper Green River Sub-watershed.

+ 1916 Black and Cedar Rivers are diverted from
Duwamish River to Lake Washington to improve
navigation, further reducing watershed area by 40
percent from its original size.
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* 1900-1940 Duwamish estuary tidelands are filled,
drained, and dredged to support growing industrial
and port activities.

« 1895-1980 The Green/Duwamish River is
channelized and diked for navigation and flood
control.

* 1945-2000 Residential, commercial, and industrial
land uses expand, largely replacing farmlands and
forests in the western half of the WRIA.

* 1962 Howard Hanson Dam is completed for flood
control purposes.

Fish Status

Every species of anadromous salmonid that is native
to the west coast of North America (coho, chinook,
chum, sockeye, and pink salmon and coastal cutthroat,
steelhead, and bull trout/Dolly Varden char) as well as
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one non-native (Atlantic salmon) recently have been
found in the Green/Duwamish watershed.

During the period 1968-1997, the Green/Duwamish
River supported an average yearly total run (fish
returning to the river and those caught in the fisheries)
of about 41,000 adult chinook salmon. It has been
estimated that on average 5,700 chinook annually
returned to the river to spawn naturally and 8,200
returned to the Soos Creek hatchery during the same
time interval (Figure®l). The Green River has not
experienced the same decline in naturally spawning
adult chinook that has occurred in other Puget Sound
streams but these numbers may be masked by a high
hatchery chinook stray rate onto the spawning
grounds. Research is needed to better understand the
contribution of strays to the wild chinook stocks in
the Green/Duwamish watershed.

Time series of chinook salmon returning to the spawning grounds and
to the hatcheries, 1968-1997. Spawning ground estimates include an
unknown number of stray hatchery salmon. Mean values are shown.

mmmm Spawning Ground

mmw Hatchery Escapement

Hatchery
Mean

Spawning

Ground
Mean

84 86 88 90 92 94 96

Returning Chinook Salmon to the Spawning Grounds and Hatcheries 1968-1997
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lil. INDIVIDUAL SUB-WATERSHED SYNOPSES

I

g; Upper Green River Sub-watershed

(RM 64.5 to headwaters)

Human population: 1

Primary designated land uses: forest production (nearly
100°percent), municipal water supply, and recreation

Mean annual flow: about 1,300 cubic feet per second at River
Mile 64.5

Recently documented salmonid species present: resident
coastal cutthroat, transported juvenile steelhead, transported
juvenile chinook, transported juvenile coho, and transported
steelhead adults

Additional salmonid fish species historically present: chinook,
coho, and bull trout (possible but not likely)

Anadromous fish access to the upper reaches of the
Green/Duwamish River has been blocked at River
Mile (RM) 61 since 1911 when the City of Tacoma
started construction on a water diversion dam

( Headworks ). While the City of Tacoma has limited
public access in a portion of the upper sub-watershed
to protect the potable water supply, commercial timber
harvest has occurred throughout this portion of the
watershed. This activity has altered many of the
ecological processes and degraded much of the
habitat. Roads and a railroad also have had an impact
on the mainstem as described below. Currently, only
the resident form of coastal cutthroat and some
anadromous salmonids that have been transported
around the dams (juvenile steelhead trout, chinook and
coho salmon, and adult winter steelhead trout) use this
portion of the watershed.

In 1962, Howard Hanson Dam (HHD), a flood control
dam, was completed at RM 64.5, which is the
downstream boundary of this sub-watershed. HHD
also is a complete barrier to upstream and downstream
adult migration. The large flood control dam and
associated reservoir interrupts the natural flow of
sediments and large woody debris to lower mainstem
reaches of the Green River. It also chronically floods
upstream habitat.

Habitat Limiting Factors and Impacts

Mainstem Green River:

While the two dams block upstream passage and
severely hamper downstream passage, some salmonids
do reside in this reach and are affected by existing
habitat conditions. If passage is improved in the future,
existing habitat conditions will affect salmonids that are

reintroduced to the area. These limiting habitat factors
include:

The placement of roads and a railroad immediately
adjacent to rivers and streams resulting in:

* Reduction and degradation of riparian habitat functions
such as shade and large woody debris; and

* Limited lateral channel migration and limited creation of
new habitat.

A reservoir pool that is:

* Reducing spawning habitat and riparian functions due
to periodic inundation of 4.5 miles of the Green River
mainstem and 3.0 miles of tributaries; and

* Delaying juvenile outmigration.

Tributaries:
Logging practices resulting in:

* Reduced riparian habitat functions such as shade and
instream large woody debris;

* Fish passage barriers;
» Excessive sedimentation, especially of fine sediments;
* Decreased water quality; and

* Altered stream hydrology.
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(RM 32.0 to 64.5)

Human population: 112,000

Primary designated land uses: residential (50 percent),
commercial forestry (27 percent), agriculture (12 percent)

Mean annual flow: 1,300 to 2,000 cubic feet per second

Recently documented salmonid species present: chinook,
coho, chum, pink, sockeye, steelhead, coastal cutthroat trout,
and occasionally Atlantic salmon

Additional salmonid fish species historically present: bull
trout (possible but not likely)

In the Middle Green River Sub-watershed (RM 64.5 to
32.0), the construction and operation of Howard
Hanson Dam has reduced the recruitment of sediments
to a level where the river is in places gravel-starved
and incising. Because HHD serves to limit floods, the
natural flow regime of the mainstem Geen River has
been altered, harming habitat as described below. The
Tacoma Headworks also block upstream passage of all
salmonids. Currently chinook, steelhead, coastal
cutthroat, coho, and chum utilize this reach up to the
Headworks for spawning and rearing. There are
limited numbers of pink and sockeye salmon as well
an occasional observation of Atlantic salmon adults.
All species, with the exception of Atlantic salmon, use
this reach of the mainstem for migration and feeding.
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Middle Green River Sub-watershed

Habitat Limiting Factors and Impacts

Mainstem Green River:

Dams, revetments, and residential and agricultural land
uses that are:

* Changing the natural flow regime in ways that have
harmed salmonids;

« Causing gravel starvation and scouring;

* Reducing the amount and size of large woody debris
with a consequent reduction of channel complexity;

* Reducing side-channel and other off-channel habitats;
and

* Reducing and degrading riparian habitat functions.

Tributaries:

Residential, agricultural, and some urban development
that are:

* Reducing and degrading wetland and riparian
functions;

« Reducing forest cover and increasing impervious
surfaces leading to hydrologic disruption to stream flow,
channel degradation, increased sedimentation, and
decreased water quality;

* Rechanneling streams and limiting their lateral
migration to facilitate roads and protect property;

* Reducing the amount and size of large woody debris;
* Creating barriers to fish passage; and

* Introducing non-native plant and animal species.
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(RM 11.0 to 32.0)

Human population: 154,000

Primary designated land uses: residential (50 percent),
industrial (17 percent), and commercial (10 percent)

Mean annual discharge: over 2,000 cubic feet per second

Recently documented salmonid species present: chinook,
coho, chum, pink, sockeye, steelhead, coastal cutthroat trout, and
occasionally Atlantic salmon

Additional salmonid fish species historically present:
bull trout (possible but not likely)

In the Lower Green River Sub-watershed (RM 32.0 to
11.0), the diversion of the White River in 1911 has led
to a decrease in flow and sediment and a lowering of
the floodplain. Howard Hanson Dam operations and
water withdrawal at the Tacoma Headworks have led
to an unnatural flow regime (reduction in flood flows
and lower summer flows). One of the most significant
habitat alterations has been the construction of a series
of revetments that has resulted in the disconnection of
off- and side-channel habitats such as sloughs and
adjacent wetlands. Currently this reach is utilized for
the upstream and downstream migration and rearing
for all native anadromous salmonid species. It
provides some chinook, pink, sockeye, and chum
salmon and steelhead spawning habitat.

10

Lower Green River Sub-watershed

Habitat Limiting Factors and Impacts

Mainstem Green River:
Urbanization, water diversions, and revetments that are:

* Lowering the floodplain and disconnecting off-channel
habitats such as sloughs and adjacent wetlands;

* Reducing large woody debris and associated instream
complexity, such as pools and riffles;

* Creating some adult salmon migration problems due to
low flows;

» Causing chronic water quality problems; and

* Severely reducing riparian habitats and associated
functions.

Tributaries:

Intense urbanization and infrastructure that are:

* Reducing forest cover and increasing impervious
surfaces leading to hydrologic disruptions to stream
flow, channel degradation, increased sedimentation,
and decreased water quality;

* Channelizing streams to facilitate land use practices;

» Creating barriers to fish passage; and

* Introducing non-native plant and animal species.
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(RM 0.0 to 11.0)

Human population: 58,000

Primary designated land uses: industrial (43 percent) and
residential (39 percent)

Mean annual discharge: tidally influenced reach although more
than 2,000 cubic feet per second of freshwater

Recently documented salmonid species present: chinook,
coho, chum, pink, sockeye, steelhead, coastal cutthroat, adult bull
trout/Dolly Varden char, and occasionally Atlantic salmon

The Duwamish River is that portion of the Green
River downstream of the historic confluence with the
Black River. With the diversion of the Cedar River in
1916, the Black River was left almost dry. Today, the
only flow in the Black River comes from the tributary
streams that drain from the eastern bluffs of the lower
Green River valley.

The urbanization and industrialization of this portion
of the Green River watershed has resulted in an
extensive system of filled tidelands and flood control
revetments that have eliminated connectivity to the
historic floodplain, stream channel complexity,
functioning riparian zones, and floodplain habitats. In
the Duwamish estuary, over 97 percent of the historic
estuarine mudflats, marshes, and forested riparian
swamps have been eliminated by channel
straightening, draining, dredging, and filling. All
(100°percent) of the tidal swamps bordering the
Duwamish were filled by 1940. The remaining
shortened channel has been simplified and suffers
from polluted sediments along with stormwater and
wastewater effluent. Currently all salmonid species
migrate, rear, and acclimate in this transitional area
between river and marine waters. Juvenile chinook
and chum salmon are most dependent on this type of
habitat. Small numbers of char (bull trout/Dolly
Varden char) have been consistently documented as
using this reach.

Habitat Limiting Factors and Reconnaissance Report Executive Summary

Green/Duwamish Estuary Sub-watershed

There are numerous small- and medium-sized
tributary streams that drain into this reach. All have
seen aggressive development that in turn has made
many of them inaccessible and inhospitable for
salmonids. Many of these streams have high levels of
impervious surfaces that have degraded and altered the
historic hydrologic regime. Most of the small patches
of remaining marginal habitat are disconnected and
heavily impacted by stormwater-associated flows and
poor water quality. Functional riparian areas have been
eliminated or fragmented into a few undeveloped
areas, often in the high gradient reaches where the
creeks cascade down the valley walls. The potential
salmonid production of these creeks is expected to
continue to be limited due to current land use
practices.

Habitat Limiting Factors and Impacts

Mainstem Duwamish River/Waterway:

Urban and industrial land use practices that have:

» Dredged, channelized, and filled 97 percent of the
estuarine mudflats, marshes, and forested riparian
swamps that formerly comprised the estuary;

« Simplified the remaining channel and severely reduced
riparian function; and

« Polluted the remnant, shortened channel with
stormwater and wastewater effluent.

Tributaries:

Development that is:
» Creating fish passage barriers;

« Leaving small patches of disconnected marginal
habitat;

¢ Altering hydrology and channel stability due to
stormwater-associated flows; and

* Reducing water quality.
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" Nearshore Sub-watershed

Human population: 241,000

Primary designated land uses: on mainland: residential
(68°percent), industrial (10 percent); on Vashon-Maury Islands:
residential (90 percent)

Recently documented salmonid species present: chinook,
coho, chum, and coastal cutthroat

Additional salmonid fish species historically present:
unknown

A number of independent streams in WRIA 9 drain
directly into Puget Sound. Among the largest are
Miller, Des Moines, and Bow Lake Creeks on the
mainland. Vashon-Maury Islands also host a number
of direct drainages. With the exception of a few
streams, most have small drainage areas and
corresponding flows.

While a few of these streams are relatively intact and
support small populations of salmonids, most are
heavily impacted by urbanization and no longer
function well to support salmonids.

12

(Independent Tributaries to Puget Sound and Vashon-Maury Islands)

Habitat Limiting Factors and Impacts

Urban and industrial land use practices that are:

* Creating fish passage barriers;

L]

Reducing the amount of large woody debris and
channel complexity;

* Causing chronic water quality problems; and

L]

Simplifying the remaining channel and severely
reducing riparian functions.
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Human population: see Nearshore Sub-watershed (page 12)

Primary designated land uses: see Nearshore Sub-watershed
(page 12)

Recently documented fish species present: all species of
juvenile and adult salmonids

The nearshore — the boundary between saltwater and
land that stretches from beach bluffs out into the
shallows of Puget Sound — provides an important link
in the life history of salmonids. All anadromous
salmonids use the nearshore for physiological
transition, feeding, refuge, and as a migration route to
and from the ocean. Most salmonid species are
dependent upon the nearshore for juvenile rearing.
Much of the greater Puget Sound estuary shoreline has
been filled, armored, and developed. Extensive areas
have been dredged to maintain navigation along piers
and within marinas. The supply of beach sediment has
been curtailed and water quality problems stemming
from upland land use practices have affected nearshore
habitats. It is estimated that marine riparian vegetation
exists along only 11 percent of the WRIA 9 shoreline
(excluding Vashon-Maury Islands). This affects not
only salmonids produced in WRIA 9 watersheds but
also those produced in other Puget Sound watersheds
that use WRIA 9 shorelines for support during
migration.

All migratory juvenile salmonids are dependent on
healthy estuarine and nearshore environments. Some
species, such as chinook, chum, and pink salmon, are
more dependent on a healthy estuary environment for
physiological transition and rearing prior to their
ocean migration. Nearshore habitats produce
important food items for all life stages of salmonids.
Especially important are the forage fish (e.g., sand
lance, surf smelt, and herring) that require this area to
spawn and rear.

Habitat Limiting Factors and Reconnaissance Report Executive Summary

Nearshore Sub-watershed
(Estuarine/Marine Waters and Habitats)

Habitat Limiting Factors and Impacts

Urban and industrial land use practices that are:

* Altering or destroying significant amounts of nearshore
habitat;

* Interrupting critical habitat-forming processes;

* Fragmenting or destroying marine riparian corridors;
and

* Contributing toxic chemicals and harmful organic
compounds to nearshore waters and sediments.

13



IV. RECOVERY STRATEGY FOR THE GREEN/DUWAMISH WATERSHED

A multi-species salmonid recovery strategy was
developed for the Green/Duwamish watershed using
the information collected for this report. The strategy
relies heavily upon opening the currently untapped
potential for salmonid recovery in the Upper Green
River Sub-watershed. Dams have blocked access to
106 lineal miles of stream habitat and about half of the
watershed acreage. The Upper Sub-watershed is large
enough and the habitat forming processes are still
relatively intact or in a process of recovery to allow
this area to function as salmonid refugia. This refugia
can seed the downstream habitat, with a potential to

V. NEXT STEPS

greatly increase natural salmonid production,
especially for coho, chinook, steelhead, and cutthroat
salmonids. Implementation of the strategy relies on
two critical or key actions: (1) restoration of
efficient upstream and downstream fish passage at the
dams; and (2) ensuring that the juveniles produced in
the Upper Green River Sub-watershed are provided
with essential habitat functions in the downstream
areas of WRIA 9. In addition, it is essential to protect
intact habitats and properly functioning processes that
are currently supporting existing salmonid populations
throughout the WRIA.

The Habitat Limiting Factors and Reconnaissance
Assessment Report is the first coordinated step toward
salmonid recovery in WRIA 9. It lays the groundwork
for a comprehensive conservation planning effort over
the next five years. This multi-species effort focuses on
habitat issues affecting the decline of salmonids and
other species. The planning effort will unfold in four
stages over the next five years. Following the Habitat
Limiting Factors and Reconnaissance Assessment
Report, a Near-term Action Agenda is expected to be
completed in 2001. This Agenda will guide interim and

14

immediate actions. Also in 2001, a Strategic Assess-
ment will begin. This will culminate in a report in
mid-2003 that will help fill important data gaps. The
Comprehensive Conservation Plan is the ultimate
product of the WRIA 9 planning process. It will guide
long-term salmonid conservation and recovery actions
in the watershed. The goal is to have the
Comprehensive Conservation Plan approved by the
National Marine Fisheries Service and the U.S. Fish
and Wildlife Service by June 2005.
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1. PROJECT OVERVIEW

BACKGROUND

In March 1999, the National Marine Fisheries Service (NMFS) listed Puget Sound chinook
salmon (Oncorhynchus tshawytscha) as a threatened species under the Endangered Species Act
(ESA). In November 1999, the U.S. Fish and Wildlife Service listed Bull Trout as a threatened
species under the ESA. In addition to the recent listing of these two species, it is anticipated that
in the next severa years additional salmonid and other fresh- and saltwater species native to the
Puget Sound Region will be listed.

All in all, at least 106 wild salmon stocks in the Pacific Northwest have been extirpated, 214 are
at high or moderate risk of extinction, and many have been listed or are being reviewed for
listing under the Endangered Species Act. A number of natural and anthropogenic factors have
contributed to these declines:

Hydropower operations,

Over exploitation;

Artificial propagation;

Climatic and oceanic changes, and destruction; and

Degradation of habitat through land use and water-use practices.

Although the relative impact of these different factors varies among basins and river systems,
habitat loss and degradation are considered contributing factors in the decline of most salmonid
popul ations (Spence et al.1996).

Partly in anticipation of the recent and impending listing of multiple aquatic species in the
Northwest, the state of Washington has passed several state laws directing planning efforts to
address issues of habitat degradation in fresh and salt water. In 1998-99, the state of Washington
passed three laws (house bills 2514 and 2496, and senate bill 5595)to direct state watershed
planning. These bills outline geographic areas, organizational structures, and funding
mechanisms to develop and implement watershed plans throughout the state. Bill 2514 is
primarily focused on in-stream flow issues, while house bill 2496 and senate bill 5595 are
primarily focused on addressing Habitat Limiting factors of decline. The geographic areas
identified for both of these planning efforts are called Water Resource Inventory Areas (WRIAS),
which were originally designed as stream inventory areas. The state of Washington is divided
into 62 WRIAs.

Under house bill 2496 (and reasserted by senate bill 5595), the State Conservation Commission
was tasked with developing a Limiting Factors Report for each of the WRIAs in the state of
Washington. In addition, these bills called for lead entities in each of the WRIASs to establish a
Steering Committee and Technical Committee to identify funding priorities for salmon
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conservation, and to develop a strategy or plan for addressing Habitat Limiting factors to
salmonid recovery in their respective WRIA.

In WRIA 9, (the geographic area including the Green/Duwamish River watershed and the
independent drainages to Puget Sound from Elliott Bay south to the Puyallup watershed), the
WRIA 9 Steering Committee and the Washington Conservation Commission have teamed up to
develop a Habitat Limiting Factors and Reconnaissance Report to begin to lay the groundwork
for the future devel opment and implementation of a conservation plan for the WRIA.

The geographic scope of the WRIA 9 Habitat Limiting Factors and Reconnaissance Report
includes WRIA 9 drainages and nearshore areas, and Vashon Isand (although it is located in
WRIA 15, Vashon Isand falls within the jurisdictional boundaries of King County). This report
covers both fresh- and saltwater habitats for salmonids in the geographic boundaries. The report:

Brings together existing information on past and present conditions of salmonids and
salmonid habitat in the watershed,

Identifies important problems and habitat limiting factors contributing to salmonid
decline; and

Highlights gaps in current data and technical understanding.

Along with other Habitat Limiting Factors reports being developed across the state, the
information in this report will help to create a consistent approach for identifying habitat
functions that require protection and restoration to maintain and increase naturally spawning and
self-sustaining populations of salmonids. Closer to home, the document will be used as a critical
building block for continued assessment and planning effortsin WRIA 9.

The WRIA 9 Steering Committee is responsible for developing a Conservation Plan for the
WRIA 9 geographic area by 2005. This Committee was established in 1998 and consists of
representatives from local and state governments, the environmental community, and businesses
in the WRIA. It is supported by a Factors of Decline Subcommittee (FODS) and Nearshore
Technical Committee (NTC), both of which are responsible for developing the scientific basis
for the planning effort. The Steering Committee is also supported by a Planning Work Group
responsible for helping to move the technical information into policy; and a Public Outreach
Workgroup responsible for developing and implementing a public outreach strategy for the
planning effort.

The WRIA 9 planning effort al'so supports the Tri-County Model Conservation Planning Effort.
The Tri-County initiative brings together local governments, environmental groups, and
businesses in Snohomish, King, and Pierce Counties to address the habitat-related factors of
saimonid decline. King County is the Lead Entity for the WRIA 9 Salmon Conservation
Planning Effort and provides staff support to the Steering Committee and supporting committees.
Severa State and Federal grants and programs have helped fund this planning effort. In addition,
other local jurisdictions within the WRIA boundary provide staffing (and beginning in 2001,
significant funding) to this effort.
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WRIA 9 PLANNING PRODUCTS

The WRIA 9 salmonid conservation planning effort is a multi-species effort, focused on habitat
issues affecting the decline of salmonids and other species The effort is expected to take five
years and is broken up into four stages:

Habitat Limiting Factors and Reconnai ssance Report;
Strategic Assessment;
Near-term Action Agenda; and

A WRIA 9 Comprehensive Conservation Plan. (taken from the WRIA 9 Steering
Committee Approved Work Program, July 2000).

HABITAT LIMITING FACTORS RECONNAISSANCE REPORT

The Habitat Limiting Factors and Reconnaissance Report brings together existing information on
conditions of salmonids and salmonid habitat in the WRIA. It is based largely on a collection of
readily available information in the literature and institutional knowledge. It identifies important
problems and clear factors contributing to salmonid decline, and highlights current gaps in data
and technical understanding. This document will serve as a critical building block for the
Strategic Assessment, and will provide the scientific foundation for the development of a
Near-term Salmon Action Agenda.

STRATEGIC ASSESSMENT

The Strategic Assessment will build on information in the Habitat Limiting Factors and
Reconnaissance Report. It will involve original research and collection and analysis of datato fill
important information gaps identified by the Habitat Limiting Factors and Reconnaissance
Report. This will result in a richer, more comprehensive understanding of problems and
opportunities in the watershed related to salmonid conservation and recovery. The Strategic
Assessment will be initiated in 2001 and will culminate in a report to the WRIA 9 Steering
Committee in approximately June 2003. This work will provide the scientific foundation for the
development of a Comprehensive Conservation Plan for WRIA 9.

NEAR-TERM ACTION AGENDA

This document will recommend early and interim action projects, policies, and programs, based
on the results of the Habitat Limiting Factors and Reconnaissance Report. It will include
recommended actions related to habitat protection and restoration, and policy and program
responses to other high-priority habitat limiting factors in the watershed. This agenda will guide
decisonmaking and action by local governments and other implementers in WRIA 9 while the
final conservation plan is being completed. The goal is for the Steering Committee to adopt a
Near-term Action Agenda by the end of 2001. This Agenda will then serve as an important
building block for development of the Comprehensive Conservation Plan.
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COMPREHENSIVE CONSERVATION PLAN

The Comprehensive Conservation Plan is the ultimate product of the WRIA 9 planning process.
It will guide long-term salmonid conservation and recovery actions in the watershed. The
WRIA 9 Steering Committee will guide development of the Plan. The goa is to have the Plan
approved by the National Marine Fisheries Service and the US Fish and Wildlife Service by
June 2005.

HABITAT LIMITING FACTORS AND RECONNAISSANCE REPORT SCOPE
PURPOSE

As noted above, the Habitat Limiting Factors and Reconnaissance Report is intended to serve as
the Conservation Commission’s Habitat Limiting factors report for WRIA 9 and as the initia
phase in the WRIA 9 salmonid habitat conservation planning effort. The report is specifically
intended to:

Provide a summary of what is known about current and past salmonid species and habitat
conditions in the WRIA for future reference;

Provide baseline information for the WRIA (based on known information) for use in the
implementation of an adaptive management program.

Identify habitat factors of decline in the WRIA and associated data gaps and key findings,
and

Provide preliminary guidance for policy makers to determine next steps in the recovery
process.

CONTENTS

The Habitat Limiting Factors and Reconnaissance Report is divided into an Executive Summary
and the following chapters:

Part |: Introduction. Includes a background and overview of the planning effort, a brief
description of the watershed, a discussion of salmonid habitat needs, a Green/Duwamish
salmonid stock status report, and a genetics report.

Part Il: Factors of Decline/Conditions. Includes habitat factors of decline for the
Mainstem Green/Duwamish River, tributaries to the Green/Duwamish River, independent
tributaries that flow directly to Puget Sound in WRIA 9, and stream systems on Vashon
Maury Island. Nearshore conditions and factors of decline are also included in this
chapter.

Part I11: Summary. Includes an assessment, consisting of key findings and data gaps for

each factor of decline discussed in part two, and conclusions which include watershed
principles, a watershed strategy, and some specific action recommendations.
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Part IV: Glossary and Bibliography. Contains a glossary of key terms and acronyms as
well as a bibliography for the report.

Part V: Appendix. The appendix includes many graphics that support the report
including fish distribution maps. Severa supporting documents for the Habitat Limiting
Factors and Reconnaissance Report are also included in the appendix.

METHODOLOGY

The Habitat Limiting Factors and Reconnaissance Report was developed by the WRIA 9 Factors
of Decline Subcommittee (FODS), with support on nearshore and estuarine issues provided by
the Nearshore Technical Committee. Both committees are made up of technical staff from local,
state, and federal agencies. The Nearshore Technical Committee also includes representatives
from non-profit agencies, the University of Washington, the tribes, and the private sector. The
effort was broken into two phases:

Phase 1 consists of presenting existing information on each habitat factor of decline in the
WRIA and identifying key findings and data gaps for each of the limiting factors.

Phase 2 of the effort, provides an assessment of report findings and offers preliminary
recommendations.

RESEARCH OF HABITAT FACTORS OF DECLINE

To facilitate a habitat factors of decline analysis, FODS subdivided the WRIA 9 drainages into
four areas:

The mainstem Green/Duwamish River and larger tributaries;
Other select tributaries of the Green/Duwamish River;
Independent tributaries to the Puget Sound including those on Vashon Island; and
The nearshore and estuary environments.
The Mainstem Green River was further subdivided into four sub-watersheds:

The Upper Green River sub-watershed [upstream of the Howard Hanson Dam at river
mile (RM) 64.5)];

The Middle Green sub-watershed (RM 32-RM 64.5);
The Lower Green River sub-watershed (RM 11 to RM 32); and
The Duwamish River(downstream of RM 11).

FODS began by researching each identified habitat factor of decline in the Mainstem
Green/Duwamish and major tributaries and identifying key findings and data gaps for each. They
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then moved to an anaysis of smaller tributaries to the Green/Duwamish and those draining
directly to Puget Sound. Habitat factors of decline were noted for each tributary and key findings
and data gaps identified. The Nearshore Technical Committee took the lead in developing a
summary of factors of decline, key findings, and data gaps for the nearshore and estuary
environments.

ASSESSMENT OF DATA AND NEXT STEPS

Once existing information on factors of decline was assembled and key findings were agreed
upon, FODS developed an assessment matrix for each of the sub-basins studied. The purpose of
the matrix is to display habitat information for each stream/river reach in a tabular format to
provide a quick summary of the factors of decline for salmonids, and to show trends in habitat
quality throughout the system. In addition, FODS developed a broad, long-term strategy to move
the watershed toward recovery. FODS then walked through each factor of decline and made
several recommendations for each. Because this is an overarching document for the watershed
and does not prioritize recommendations, FODS will also develop an annua *“direction
document” which will be intended to provide direction for the given year for both the Strategic
Assessment and the Near-Term Action Agenda.

WRIA 9 BASIN CHARACTERIZATION
WATER RESOURCE INVENTORY AREA 9 OVERVIEW

The climate in the Green River watershed is generally mild, with wet winters and dry, cool
summers. Annual precipitation varies widely, ranging from over 100 inches in the Cascade
foothills and decreasing westward to 35 inches in Seattle. The human population in WRIA 9,
estimated to be 564,000 in the 2000 census, is mostly concentrated within the lower (west) end
of the watershed, but the fastest rate of population increase is in the suburban cities and nearby
unincorporated areas east of Seattle (King County 2000).

The Green/Duwamish River is a sixth-order, 93-mile-long river system that originates in the
Cascade Mountains about 30 miles northeast of Mount Rainier and flows into Puget Sound at
Elliott Bay in Seattle. The Green River basin comprises 566 square miles and is bounded on the
north by the Cedar-Sammamish watershed (WRIA 8) and to the south by the Puyallup watershed
(WRIA 10). The mean annual flow in the lower Green River (measured at the Auburn gage) is
currently 1,350 cfs, the average historic minimum flow prior to construction of Howard Hanson
Dam was approximately 140 cfs, and the maximum historic recorded flow is 28,000 to 30,000
cfs. Since construction of Howard Hanson Dam, the average minimum flow is 210 cfs, and the
maximum recorded flow was approximately 11,500 cfs. Part of the large discrepancy between
current and historical maximum flows is the fact that the watershed and flows have been reduced
by 70 percent due to diversions of the White, Black, and Cedar Rivers. (Schaefer et. al. 2000)

The nearshore environment encompasses the shorelines of Puget Sound that fall within WRIA 9,
as well as Vashon and Maury Islands. The northern boundary of the WRIA 9 nearshore is West
Point, and the southern boundary is just north of Dumas Bay in the City of Federal Way. Its
seaward boundary is the outer limit of the photic zone [approximately -20m below Mean Lower
Low Water(MLLW)], or the depth beyond which there is insufficient sunlight penetration for
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active photosynthesis. The nearshore environment extends landward to include coastal landforms
such as bluffs, the backshore, sand spits and coasta wetlands, as well as marine riparian
vegetation on or adjacent to any of these areas. In addition, the nearshore environment includes
sub-estuaries such as the tidally influenced portions of river and stream mouths.

WRIA 9 PHYSIOGRAPHY

The Green/Duwamish basin can be divided into six physiogeographic parts:
The Upper Green Sub-watershed [headwaters to the Howard Hanson Dam at RM 64.5];
The Middle Green River (Howard Hanson Dam to the Soos Creek Confluence at RM 32);

The Lower Green sub-watershed (Soos Creek confluence to the Black River confluence at
RM 11);

The Duwamish River sub-watershed (downstream of RM 11);
Independent Tributaries to Puget Sound (including tributaries on Vashon Island); and
The Nearshore sub-watershed.

Upper Green River Sub-watershed

From the vicinity of Blowout Mountain and Snowshoe Bultte, the river flows generally west and
northwest for approximately 25 miles through narrow-valleyed, steeply sloped, densely forested
terrain, gathering flows from Sunday, Sawmill, Champion, Smay and Charlie Creeks, as well as
from the North Fork Green River. (Schaefer et. al. 2000). This sub-watershed contains about
45% of the Green/Duwamish watershed area and stream mileage. Logging has occurred in this
area, and the upland vegetation is a checkerboard of old-growth, second-growth, and recently
logged areas. Tacoma Public Utilities (TPU) operates awell field in the North Fork Green River
drainage above Howard Hanson Dam. Immediately below the North Fork Green River
confluence at approximately RM 64.5 is Howard Hanson Dam, which the U.S. Army Corps of
Engineers constructed in 1961 as a flood control facility. The reservoir behind the dam currently
provides up to 106,000 acre-feet of storage at elevation 1,206 feet.

Middle Green River Sub-watershed

At approximately RM 61.0, TPU maintains municipal water supply diversion facilities which
have blocked anadromous fish migration since construction of this facility in 1913. Below TPU’s
diversion, the Green River flows between narrow, steeply sloped valley walls through mostly
forested mountain terrain before emerging from the mouth of the Green River Gorge at
approximately RM 46.4 at the upstream end of Flaming Geyser State Park. At this point, the
river flows through a broad, gently sloped valley with mostly agricultural land uses. In contrast
with upstream areas, extensive portions of this reach are affected by levees and revetments that
constrain channel migration while not necessarily containing floodwaters. Several large state and
county parks abut the river in this segment, providing largely forested land.
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Lower Green River Sub-watershed

Downstream from the Soos Creek confluence, the Green River enters increasingly urbanized
areas within the Cities of Auburn, Kent and Tukwila. Except for occasiona stretches of park
land, this stretch of the river is bordered by an increasingly densely developed mixture of
residential, commercial and industrial land uses. The entire Green River mainstem throughout
this reach is degraded with poor habitat quality. The construction of a nearly continuous system
of revetments and levees within this area has eliminated functional riparian habitats along many
miles of the river channel and has disconnected most remnant side channels and tributaries from
the active floodplain.

Green/Duwamish Estuary

Downstream from the Black River confluence (RM 11) (which is also considered the upstream
limit of tidal influence), the Green River continues as the Duwamish River, which flows past
scores of industrial and commercial facilities as well as scattered urban parks and single and
multi-family residences. The Duwamish River and Elliott Bay have been extensively modified
over the last 100 years, including the filling of 97 percent of their original wetlands and shallow
sub-tidal habitats. These habitats have also been adversely affected by extensive river
channelization and dredging (Schaefer et. a. 2000). Substantial sediment contamination and
water quality problems have also been documented in the Duwamish River and Elliott Bay.

Independent Tributaries

The nearshore tributaries of WRIA 9 include 15 independent streams that directly enter Puget
Sound. Bordered by Fauntleroy Creek to the north and Little Joe's Creek to the south, these
streams are al typical of Puget Sound lowland drainages that receive their flow from springs,
lake outlets, rainfall and groundwater runoff. Miller and Des Moines Creeks are the largest and
generaly have the largest amount of information. All of the Nearshore creeks in WRIA 9 have
experienced the types of habitat degradation associated with industrial development and/or
urbani zation.

Nearshore

The WRIA 9 nearshore includes dozens of habitat types that support hundreds of species.
However, residential, commercial, and industrial development has altered the WRIA 9 nearshore
environment significantly by interrupting habitat-forming processes, destroying or altering
habitat, and degrading water and sediment quality. Healthy marine riparian vegetation has
disappeared from much of the mainland shoreline, and acres of marshes and tidal flats have been
filled or dredged. On the mainland shoreline, few natural areas remain, even in parks. A greater
number of undeveloped areas persist on Vashon and Maury Islands. Significant data gaps remain
in scientists' understanding of this complex and rich environment.

HISTORICAL OVERVIEW

Historically, the White, Green, Black and Cedar rivers flowed into the Duwamish River, and the
system drained an area of over 1,600 square miles. In the early 1900s, the White, Black and
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Cedar rivers were diverted, reducing the Green/Duwamish drainage area to 556 square miles
(Schaefer et. al. 2000)

Development in the watershed began in the mid-1800s with the building of settlements and
homesteads near the present-day towns of Tukwila and Kent. In the 1870s through the 1890s
major rail lines were constructed in the Green River valley. The Green/Duwamish basin was one
of the first areas west of the Cascades to be logged, and the mgjority of logging in the lowlands
occurred between 1870 and 1910.

Major flooding occurred on the White and Green Rivers in 1906. Shortly thereafter, the White
River was diverted into the Stuck River, which flowed into the Puyallup River. This diversion
was completed in 1911. Diverson of the White River reduced flows at the mouth of the
Duwamish from an estimated 2,500-9,000 cubic feet per second (cfs) to a mean annual flow of
1,700 cfs (Fuerstenberg et al., 1999).

In 1916, completion of the Lake Washington Ship Canal diverted the Cedar River from the
Green/Duwamish Watershed into Lake Washington, and eliminated the Black River. The
diversion of the White, Black and Cedar Rivers reduced the size of the Green River watershed to
just over 30 percent of its original area.

Development in the Duwamish River Estuary accelerated in the late 1800s. Excavation of the
Duwamish Waterway through the estuary was begun in 1895 and was completed in 1917.
Construction of this waterway converted approximately 17.5 linear miles of meandering,
distributed channel into 10 miles of deep, uniform channel with a substantial hardened shoreline
(Schaefer et. al. 2000). Material excavated during construction of the waterway was used to fill
adjacent intertidal shallows and wetlands. Based on historic maps, the pre-development estuary
included approximately 1,230 acres of tidal freshwater marshes, 1,270 acres of tidal marsh-land,
and 1,450 acres of intertidal mudflats and shallows. By 1940, essentially al of the estuary’s
shallows, flats, marshes, and swamps were converted to filled, flat land suitable for industrial
development.

Tacoma completed construction of the Headworks Dam for water supply near the town of
Palmer in1913, completely blocking fish migration to the upper river and tributaries. In 1962, the
Howard Hanson Dam was completed by the Corps of Engineers to the east of Eagle Gorge of the
upper Green River. The main purpose of the dam is flood control, with water supply and
fisheries conservation as additional authorized purposes, athough no fish passage facilities are
incorporated into this dam. (Schaefer et. al. 2000)

Despite the many adterations in the watershed and estuary, the Green/Duwamish system

continues to support important fisheries and represents a valuable resource to be protected and
restored.
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2. SALMON HABITAT NEEDS

Since the recession of the last ice age 10,000 years ago, Washington State anadromous salmonid
populations have evolved in their specific habitats (Miller, 1965). Water chemistry, flow, and the
physical and biological components unique to their natal streams, estuaries and ocean
environment have helped shape the genotypic and phenotypic characteristics of each salmon
population. These unique attributes have resulted in a wide variety of distinct salmon stocks for
each salmon species throughout the state. Within a given species, stocks are relatively distinct
population units that do not extensively interbreed with each other. Stocks do not extensively
interbreed with each other because returning adults rely on a stream’s unique chemical and
physical characteristics to guide them to their natal spawning grounds. This maintains the
separation of stocks during reproduction, thus preserving the distinctiveness of each stock.

Throughout the salmon’s life cycle, the dependence between the environment and a stock
continues. For example, adults spawn in areas near their origin because reproductive survival
favors natural selection for those that exhibit this behavior. The timing of juveniles leaving the
river and entering the estuary is tied to high natural river flows. It has been theorized that rapid
out-migration reduces predation on the young salmon and perhaps coincides with favorable
feeding conditions in the estuary (Wetherall, 1971). These are a few examples that illustrate how
asalmon stock and its environment are intertwined throughout the entire life cycle.

Salmon habitat includes the physical, chemical and biological components of the environment
that support salmon. Within freshwater and estuarine environments, these components include:

Water quality;

Water quantity or flows;

Stream and river physical features (e.g., sediment, substrate, and woody debris);
Riparian zones,

Upland terrestrial conditions; and

Ecosystem interactions as they pertain to habitat.

These components are closely intertwined. Low stream flows can alter water quality by
increasing temperatures and decreasing the amount of available dissolved oxygen, while
concentrating toxic materials. Heavy sediment loads can also impact water quality by increasing
in channel instability and decreasing spawning success. The riparian zone interacts with the
stream environment, providing nutrients and a food web base, woody debris for habitat and flow
control (stream features), filtering runoff prior to surface water entry (water quality), and
providing shade to aid in water temperature control. Riparian zones serve similar functions in the
estuarine and nearshore environment.
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Optimal freshwater habitat for salmonids includes clean, cool, well-oxygenated water flowing at
anormal (natural) rate for each stage of freshwater life. Salmonid survival depends upon specific
habitat requirements for egg incubation, juvenile rearing, migration of juveniles to satwater,
estuary rearing, ocean rearing, adult migration to spawning areas, and spawning. These
requirements can vary by species and even by individual stock.

When adults return to spawn, they not only need adequate flows and water quality, but also
unimpeded passage to their natal grounds. They need deep pools with vegetative cover and
instream structures such as root wads for resting and shelter from predators. Successful spawning
and incubation requires sufficient gravel of the right size for that particular population, in
addition to the constant need of adequate flows and water quality, al in unison at the necessary
location.

After spawning, the eggs need stable gravel that is not choked with fine-grained sediment. River
channel stability is vital at this life history stage. Floods have their greatest impact to salmon
populations during incubation where they can scour redds. Flood impacts may be exacerbated by
human activities that lead to increased sediment loads, point and non-point source pollutants, and
the removal of instream LWD. Floods also produce and maintain habitats. They provide the
necessary energy to scour deep pools and create side channels. In a natural river system, the
upland areas are forested. Trees and their roots store precipitation, which slows the rate of storm
water into the stream. A natural, healthy river is sinuous and contains large pieces of downed
wood contributed by an intact, mature riparian zone. Both slow the speed of water downstream.
Natural river systems have floodplains that are connected directly to the river at many points,
allowing the floodplains to store flood water and later discharge this storage back to the river
during lower flows. In a healthy river, erosion or sediment input is great enough to provide new
sediments (i.e.: gravel) for spawning and incubation, but does not overwhelm the system, raising
the riverbed and increasing channel instability. A stable incubation environment is essential for
salmon, requiring a complex interaction of nearly al the habitat components contained within a
natural river ecosystem.

After the young salmonid fry emerge from the gravel nests (redds), certain species (such as
chum, pink, and some chinook salmon) quickly migrate downstream to the estuary. Other
species, such as coho, steelhead, bull trout, cutthroat, sockeye and chinook, will search for
suitable rearing habitat within the side sloughs and channels, tributaries, and spring-fed “seep”
areas, as well as the outer edges of the stream. These quiet-water side margins and off channel
dough areas are vital for early juvenile rearing habitats. The presence of woody debris and
overhead cover aid in food and nutrient inputs, provide localized areas of reduced water
velocities for energy conservation as well as provide protection from predators. For most of these
species, juveniles use this type of habitat in the spring. Most sockeye populations migrate from
their gravel nests quickly to larger lake environments where they have unique habitat
requirements. The adult sockeye observed spawning in the Green River may be strays from other
systems or represent ariverine life history stock.

As growth continues, the juvenile salmon (parr) move away from the quiet shallow areas to
deeper, faster areas of the stream. The species that exhibit this behavior include coho, steelhead,
bulltrout, and certain chinook. For some of these species, this movement is coincident with the
summer low flows. Low flows typically constrain salmon production for stocks that rear during
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summer within the stream. In non-glacial streams, precipitation, melting snow packs,
connectivity to wetland discharges, and groundwater maintain summer flows inputs. Reductions
in these inputs will reduce that amount of habitat; hence the number of salmon which are
dependent on adequate summer flows are reduced.

In the fall, juvenile salmon that remain in freshwater begin to move out of the mainstems, and
again, off-channel habitat becomes important. During the winter, coho, steelhead, bull trout,
cutthroat and any remaining chinook parr require off-channel habitats to sustain their growth and
protect them from predators and high winter flows. Wetlands, off-channel/side channel stream
habitat protected from the effects of high flows, and pools with overhead cover are important
habitat components during this time.

Except for resident bull trout, cutthroat and steelhead (rainbow), juvenile parrs convert to smolts
as they migrate downstream towards the estuary. Again, flows are critical, and food and shelter
are necessary. The natural flow regime in each river is unique, and has shaped the stock’s
characteristics through adaptation over the last 10,000 years. Because of the close inter-
relationship between a salmon stock and its stream, survival of the stock depends heavily on
natural flow patterns.

Estuaries and nearshore areas support a critical life stage that can be a determinant to successful
juvenile survival and the subsequent adult returns. The estuary provides essential habitat for
physiological transition, refuge, foraging and rapid growth. Some salmon species are more
heavily dependent on estuaries, particularly chinook, chum, and to a lesser extent pink salmon.
Estuaries contain new food sources to support the rapid growth of salmonid smolts and an areain
which to undergo physiological adaptation from freshwater to saltwater. The complexity of the
healthy nearshore environment provides juvenile salmonids with necessary prey items, including
insects falling from marine riparian vegetation, bottom-dwelling crustaceans, and crustaceans
that live on marine plants such as eelgrass and kelp. Smolts prefer shallow-water habitats. In
particular, habitats that support the detritus-based food web, such as tidal marshes and channels,
eelgrass beds, and sand and mud flats, provide a complex system of protection from and
opportunities for predators and while allowing juvenile salmonids opportunities for places to rest
and forage. As smolts grow larger and begin to move into deeper waters, they rely more heavily
on planktonic prey, but some, especially chinook, continue to eat insects that drift out from
shore.. Returning adult salmonids use the nearshore as staging areas and safe places to make the
physiological transition from saltwater to freshwater.

The physical, chemical, and biological processes that create nearshore and estuarine habitats
must be maintained for samonids. For example, sediment transport provides appropriate
substrates for eelgrass and other organisms that contribute essential nutrients to the nearshore
environment. Marine riparian vegetation must be sufficient to provide woody debris, nutrients,
and insects to these environments .

Common disruptions to these habitats include dikes, shoreline armoring, dredging and filling
activities, pollution, and shoreline development. Some of the most pressing problems aong
urban shorelines are interrupted sediment transport processes, filling of intertidal habitat to
support development, removal of LWD, and the loss of marine riparian vegetation.
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All salmonid species need adequate flow and water quality, spawning riffles and pools, a
functional riparian zone, and upland conditions that favor stability. However, some of these
specific needs vary by species, such as preferred spawning areas and gravel. Although some
overlap occurs, different salmon species and/or stocks of the same species within a river are
often staggered in their use of a particular type of habitat. Some are staggered in time, and others
are separated by distance.

Chum and pink salmon use the streams the least amount of time. While Green River-origin pink
salmon were thought to have been extirpated during the 1930s, recent observations of adult
(Kerwin, 1999) and juvenile (Seiler, 2000) pink salmon indicate either a remnant population or
an attempt by straying adult pink salmon from out of the basin to recolonize this basin. Green-
River-basin-origin adult pink salmon return at two years of age and typically begin to enter the
mainstem river in August and spawn in September and October of odd numbered years. During
these times, low flows and associated high temperatures and low dissolved oxygen can be
problems. Other disrupted habitat components such as less frequent and shallower pools caused
by sediment inputs as well as a lack of canopy from an altered riparian zone or widened river
channel can worsen these flows and water quality problems because there are fewer refuges for
the adults to hold prior to spawning.

Pink salmon fry in the Green River basin are believed to emerge from their redds around March
and migrate downstream to the estuary within a month. The downstream migrant trap located at
approximately RM 34.0 has reported pink salmon fry captured as early in the year as March
2000. After a limited rearing time in the estuary, pink salmon migrate to the ocean for a little
over ayear, until the next spawning cycle. Most pink salmon stocks in Washington State return
to the rivers only in odd years. The exception is the Snohomish Basin, which supports both even-
and odd-year pink salmon stocks.

In the Green River basin, chum salmon (adults are three to five years in age) are from one run
type (fal) but have two stocks. These fal chum adults enter from late October through early
December and spawn from mid November through late December. Chum salmon fry emerge
from the redds in February and March, and quickly outmigrate to the estuary for rearing. In the
estuary, juvenile chum salmon follow prey availability. Later as the food supply dwindles, chum
move offshore and switch diets (Simenstad and Salo, 1982).

Chinook salmon have three major run types in Washington State. Spring chinook are typically in
their natal rivers throughout the calendar year as juveniles, adults or both. Spring chinook were
historically present in the Duwamish/Green River basin and would have entered into freshwater
during April or May. However, this run either returns in such low numbers as to be difficult to
detect, became extirpated after the initial construction efforts of the Tacoma Headworks Dam in
1911, or were isolated from the basin with the diversion of the White River in 1906. Historically,
they would have spawned from July through September and typicaly in the headwater areas
where the higher gradient habitats they prefer exist. There does exist some evidence of early
September spawning of chinook salmon but it is unclear if these fish are truly spring chinook or
early spawning fall chinook. Incubation would have continued throughout the autumn and winter
and generdly required more time for the eggs to develop into fry because of the colder
temperatures in the headwater areas. Fry would have begun to leave the redds in February
through early March. After a short rearing period in the shallow side margins and sloughs, Puget
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Sound and coastal spring chinook juveniles begin to leave the rivers to the estuary throughout
spring and into summer (August). Juveniles have been found in the Lower Duwamish through
September, and may remain in the estuary even longer. Exact outmigration and residence time in
any part of the system is variable, controlled by environmental cues, and requires additional
investigation for a better understanding of timing and habitat requirements. In the White River
spring chinook stock, historically associated with the Green/Duwamish river basin, juveniles
exhibit similar rearing characteristics to summer/fal chinook stocks and leave as sub-yearlings.
This is indicative of one variety of outmigration strategies commonly used by spring chinook
stocks.

Duwamish/Green river basin summer/fall chinook stocks range in spawn timing from late
September through December. Juveniles are believed to incubate in the gravel until late January
or early February through early March, and outmigration to the estuaries occurs over a broad
time period. Typica fal chinook stocks outmigrate from January through August but the
complete migratory time period for juvenile Duwamish/Green River fall chinook is not currently
known. While some emerging chinook salmon fry outmigrate quickly, most inhabit the shallow
side margins, side channels and side sloughs for up to two months. Then, some gradually move
into the faster water areas of the stream to rear, while others outmigrate to the estuary. Typically,
the Green/Duwamish river basin summer/fall chinook migrate within their first year of life, but a
few stocks (Snohomish summer chinook, Snohomish fall chinook, upper Columbia summer
chinook) have juveniles that remain in the river for an additional year. There are no data to
indicate that there is a large component of Duwamish/Green River basin stock summer/fall
chinook juveniles that remain in freshwater for a full year after emerging from the redds, but a
few juvenile chinook with this life history characteristic have been captured in the Mill
Creek/Mullen Slough subbasin.

Duwamish/Green River chinook use the mainstem Green River, Big Soos Creek, and Newaukum
Creek (Williams et a. 1975), as well as Burns Creek (Malcom 1999), Mill Creek (Jones and
Stokes 1989), and Springbrook Creek (Macom 1999) and Crisp Creek (Macom 1999). The
extent of any natura juvenile chinook rearing in non-natal tributary streams is unknown. Fall
chinook adults have been observed spawning in the mainstem Green River primarily between
RM 24.0 and RM 61.0 (Williams et a. 1975, WDFW Spawning Ground Survey Database).
However, recent spawning ground survey observations from 1996 through 1999 inclusive,
indicate that the majority of the chinook spawning begins at RM 25.4 (Malcom 1999). The
downstream extent of adult chinook spawning appears to vary from year to year. It is unclear
what determines the downstream extent but it is likely influenced by environmental factors such
as water flow and temperature. The two areas of preferred spawning have been reported from
RM 29.6 to 47.0 and from RM 56.0 to 61.0 (Grette and Salo 1986). Because of changing
environmental conditions and increased survey efforts, the analysis of the preferred spawning
reaches is unclear and ongoing. In 1998, the bulk of the spawning occurred upstream of RM 33,
with distinct areas of dense chinook spawning observed and other sections of the river lacking
any redds (Muckleshoot Indian Tribe Fisheries Division (MITFD), unpub. data). In 1999, large
numbers of redds were located near the confluences of Soos and Icy Creeks with the Green
River. Recently, helicopter spawning ground surveys have indicated a large number of redds in
the Green River Gorge (WDFW unpub. data; MITFD unpub. Data; Kerwin 1999). The spawn
timing for Newaukum Creek summer/fall chinook peaks in October, ranging from September
through November. Green-Duwamish summer/fall chinook spawn from early September into
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early November. Spawning in the mainstem Green River is considered to have ended by 1
November.

Historically, naturally produced adult chinook were present in the mainstem Green River and
some tributaries upstream of the City of Tacoma's diversion dam located at RM 61 (Riseland
1913). Juvenile chinook produced by natura spawning have been recovered from Soos and
Covington Creeks and adult chinook have been observed at the entrance to Lake Sawyer.

The onset of coho salmon spawning is tied to the first significant fall freshet. Green/Duwamish
river basin coho stocks typically enter freshwater from September to early December, but have
been observed as early as late-July and as late as mid-February (MIT unpublished data). They
often mill near the river mouth or in lower river pools until the fall freshets occur. Spawning
usually occurs between November and early February, but is sometimes as early as mid-October.
Spawning typically occurs in tributary streams. High stormwater flows and sedimentation in
these tributaries can suffocate eggs. As chinook salmon fry exit the shallow low-velocity rearing
areas, coho fry utilizes those same areas for the same purpose. As they grow, juveniles move into
faster water and disperse into tributaries and areas which adults cannot access (Neave 1949).
Pool habitat is important not only for returning adults, but for all stages of juvenile development.
Preferred pool habitat includes deep pools with riparian cover and woody debris.

All Green/Duwamish river basin coho juveniles remain in the river for a full year after leaving
the gravel nests, but during the summer after early rearing, low flows can lead to problems such
as a physica reduction of available habitat, increased stranding, decreased dissolved oxygen,
increased temperature, and increased predation. Juvenile coho are highly territorial and can
occupy the same area for a long period of time (Hoar, 1958). The abundance of coho can be
limited by the number of suitable territories available (Larkin, 1977). Streams with more
structure (logs, undercut banks, etc.) support more coho (Scrivener and Andersen, 1982), not
only because they provide more territories (useable habitat), but they also provide more food and
cover. Large wood also assists in the retention of salmon carcasses by adding habitat complexity
in the form of pools where these carcasses may settle out and add nutrients for stream
productivity. There is a positive correlation between their primary diet of insect material in
stomachs and the extent the stream was overgrown with vegetation (Chapman, 1965). In
addition, the leaf litter in the fall contributes to aquatic insect production (Meehan et a., 1977).

In the autumn as the temperatures decrease, the juvenile coho move into deeper pools, hide under
submerged logs, overhanging and submerged tree roots, and undercut banks (Hartman, 1965).
The fall freshets redistribute them (Scarlett and Cederholm, 1984), and over-wintering generally
occurs in available side channels, spring-fed ponds, and other off-channel sites to avoid high
stream velocities associated with winter floods (Peterson, 1980). The lack of side channels and
small tributaries may limit coho survival (Cederholm and Scarlett, 1981). As coho juveniles
grow into yearlings, they become more predatory on other salmonids. Green/Duwamish river
basin origin coho begin to leave the river over a year after emerging from their gravel nests with
the peak outmigration occurring in early May. Coho use estuaries primarily for interim feeding
while they adjust physiologically to saltwater.

Sockeye salmon have a wide variety of life history patterns, including the landlocked populations
of kokanee, which never enter saltwater. The origin of adult sockeye observed spawning in the
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Green/Duwamish river basin is not known. It is hypothesized that the adult sockeye spawning in
the Duwamish/Green River are: (1) strays from outside the basin; (2) ariverine form of sockeye
or; (3) some combination of both. The first tragjectory is thought to be the most likely because of
the close proximity of Lake Washington and its associated sockeye stocks. However, because
sockeye adults are observed annualy in rivers throughout Puget Sound, some professional
fishery biologists theorize that there are small populations of riverine sockeye throughout
western Washington rivers. Adult sockeye are observed annually in low numbers in the
spawning in the Green/Duwamish river Basin.

After sockeye fry emerge from the gravel, the typical life history trajectory is that most migrate
to alake for rearing, athough some types of fry migrate to the sea and others rear in mainstem
rivers. Lake rearing ranges from 1-3 years. Because a lake rearing environment is not present in
the Green River any sockeye juvenile and resultant smolt production would have to be riverine in
origin. Riverine sockeye are found in some river systems in Alaska where they rear in larger
mainstem rivers.

Steelhead have one of the most complex life history patterns of any anadromous Pacific
salmonid species (Shapovalov and Taft, 1954). In Washington, there are two maor run types,
winter and summer steelhead. Green/Duwamish river basin winter steelhead adults begin river
entry in a mature reproductive state in December and generally spawn from February through
May. The Green/Duwamish river basin aso supports a hatchery origin summer steelhead run.
Specific run and spawn timing for summer-run steelhead is unknown but generally is May
through October and February through April respectively.

Naturally produced juvenile winter steelhead can either migrate to sea or remain in freshwater as
aresident rainbow trout. The vast mgority of juvenile steelhead smolt and migrate to saltwater.
Duwamish/Green River basin origin steelhead usually spend 1-3 years in freshwater, with the
greatest proportion spending two years. Because of this, steelhead rely heavily on the freshwater
habitat and are present in streams all year long.

The presence or absence of self sustaining bull trout populations in the Green/Duwamish river
Basin are not well documented and are discussed in detail elsewhere in this report. Bulltrout-
Dolly Varden stocks are also very dependent on the freshwater environment, where they
reproduce only in clean, cold, relatively pristine streams. Within a given stock, some adults
remain in freshwater their entire lives, while others migrate to the estuary where they stay during
the spring and summer. They then return upstream to spawn in late summer. Those that remainin
freshwater either stay near their spawning areas as residents, or migrate upstream throughout the
winter, spring, and early summer, residing in pools. They return to spawning areas in late
summer. In some stocks juveniles migrate downstream in spring, overwinter in the lower river,
then enter the estuary and Puget Sound the following late winter to early spring (WDFW, 1998).
Because these life history types have different habitat characteristics and requirements, bulltrout
are generally recognized as a sensitive species by natural resource management agencies.
Reductions in their abundance or distribution are inferred to represent strong evidence of habitat
degradation.

All of the salmonid species have similar habitat needs such as unimpeded access to spawning
habitat, a stable incubation environment, favorable downstream migration conditions (adequate
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flows in the spring), and a healthy estuarine environment. Some species, such as chinook, pink
and chum rely heavily on the estuary for foraging, growth, and physiological transition that
requires good estuary habitats.

In addition to the above-described relationships between various salmon species and their
habitats, there are also interactions between the species that have evolved over the last 10,000
years such that the survival of one species might be enhanced or impacted by the presence of
another. Pink and chum salmon fry are frequently food items of coho smolts, cutthroat, bull
trout, and steelhead (Hunter, 1959). Chum fry have decreased feeding and growth rates when
pink salmon juveniles are abundant (Ivankov and Andreyev, 1971), probably the result of
occupying the same habitat at the same time (competition). Salmon carcasses can provide a
direct and indirect food resource for the same or other salmonid species. These are just a few
examples.

The Green/Duwamish river basin is home to several salmonid species, which together, rely upon
freshwater and estuary habitat the entire calendar year. As the habitat and salmon review
indicated, there are complex interactions between different habitat components, between salmon
and their habitat, and between different species of salmon. Just as habitat dictates salmon types
and production, salmon contribute to habitat and to other species. Specific information about
individual runs and stocks is contained the next chapter, “Current Salmonid Population
Conditions in the Green/Duwamish River Basin.”

Page 2-8 WRIA 9 Habitat-limiting Factors and Reconnaissance Report—Part |



PART I: INTRODUCTION

3. Current and Historic
Salmonid Population




3. CURRENT AND HISTORIC SALMONID POPULATION

OVERVIEW OF HISTORIC NATURAL SPAWNING SALMONID POPULATION

Historically, the Duwamish/Green River basin was comprised of a number of subbasins that in the
last 100 years been diverted out of the basin. Today, the Duwamish/Green River basin has been
extensively altered ecologically and physically. Historically, the White River is believed to have
moved between the Puyallup and Green River drainages. During periods of high flows, the White
River utilized the Stuck River as an overflow channel and some or al of the flow was transferred
to the Puyallup River. However, the movement of water and the size of the basin began to change
dramatically, first with the permanent diversion of the White River to the Puyallup drainage in
1906 (natural and man-induced); followed by the diversion of Lake Washington and Cedar River
to the Ship Canal in 1916, the construction of the Tacoma Diversion Dam in 1911 and construction
of Howard Hansen Dam in 1961. All of these contributed to the elimination of access by anadro-
mous and resident fish to many of the habitats historically present in the basin. These changes
have reduced the Green River watershed to approximately 30% of its historical size.

There is very little reliable historical sources of information on anadromous and resident sal-
monid species abundance in the Duwamish/Green River basin. Historically, runs of chinook
(spring and summer/fall stocks), pink, coho, chum salmon, winter steelhead and cutthroat trout
were present in the Duwamish/Green River basin. Summer steelhead were also likely present in
low numbers. Thereislimited evidence that sockeye salmon spawn and rear (Jeanes et a 2000).

The only historic data for chinook and coho escapement comes from early hatchery records of the
two facilities that began operation in the basin shortly after 1900. Fuerstenberg et a (In Draft 1999)
provided a coho salmon escapement number of 36,741 adults annually between 1938 — 1942 and
12,500 for the years between 1987 - 1991, however no citation for these numbers was provided and
the Muckleshoot Indian Tribe has not agreed to these figures (R. Macom pers. comm.).

In response to the construction of the City of Tacoma Diversion Dam in 1911, a hatchery facility,
that was actually an egg taking station, was constructed immediately downstream of the Tacoma
Headworks Dam that same year. Sometimes referred to as Hatchery Number 2, this facility was
closed in 1921. The hatchery records (HSP 1) provide one piece of information into the historic
run sizes upstream of the present day Tacoma Headworks project and Howard Hanson Dam.
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HSP 1: Numbers of chinook, coho and steelhead females spawned at the Green River Eyeing
Station 1911 — 1920 (Sour ce: Grette and Salo 1986)

Reportlng Chinook Coho Stedhead Comments
Period
4/1/11 - 3/31/12 0 2248 0
4/1/12 - 3/31/13 136 3117 1308
4/1/13 - 3/31/14 116 2757 0 New trap
constructed
4/1/14 — 3/31/15 87 604 254 Low water levels
4/1/15 - 11/30/15 101 341 150
12/1/15 - 11/30/16 61 795 247
12/1/16 — 3/31/17 0 738 0
4/1/17 - 3/31/18 280 146 61
4/1/18 — 3/31/19 259 96 49
4/1/19 — 3/31/20 40 430 134
4/1/20 — 3/31/21 16 785 254

Almost certainly there were inefficiencies in the operation of this eyeing station trap and the
actual run size was probably larger. Prior to 1913 the trap was located in the stilling basin of the
dam and was believed to be less than successful. 1n response to the lack of success, during 1913,
a new concrete trap was constructed on one of the wings of the dam and at the time was deemed
quite successful (Darwin 1916). However, the dam and associated trap amost certainly resulted
in fish that were reluctant to enter the trap to spawn downstream of the facility. These fish
would have been destined for upriver locations and were not counted.

The construction of the new trap in 1913 is important for at least two reasons. Darwin (1916)
stated that: “... every salmon that ascended the stream has been taken ...”. It is assumed that this
statement means every female is spawned and thus counted in the hatchery records presented in
Table 1 above. If that assumption is not correct then it would introduce an additional downward
bias in counts of fish destined for upriver production. Those records only reflect femaes
spawned and do not account for any mortality. The lack of counting these mortalities almost
certainly causes a downward biasin the total run size.

Secondly, the timing of the trap construction may have precluded steelhead trapping during the
time period of 4/1/13 to 3/31/14. Winter run steelhead typically spawn beginning in mid-March
with the majority spawning after April 1. This timing issue may account for the lack of a steel-
head egg take during 1913/14. The current operations of the temporary trap at the Tacoma
Headworks facility still reflect that fact as this trap is not put in the river until March 1 and
removed in late May or early June.

Based on the numbers in Table 1, Grette and Salo (1986) determined escapement estimates for
chinook, coho and steelhead and those numbers are presented in HSP 2 below.
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HSP 2: Escapement estimates of coho, chinook and steelhead upstream of Tacoma Headworks

project prior to project construction (Source: Grette and Salo 1986)

Species Range of Adult Returns Escapement Estimate
Chinook 174-272 No estimate
Coho 4,496 — 6,234 5,400 — 6,200
Steelhead 500-2,616 500 — 2,600

Grette and Salo (1986) determined that the chinook spawned at the Tacoma Headworks project
were a spring chinook stock. Certainly, the life history trajectory of spring chinook stocks is to
utilize the headwater areas of river systems for spawning and early rearing of juveniles. They
felt that the presence of the weir in the lower river at the confluence with Soos Creek captured
the summer/fall chinook run. This conclusion is important in that most professional fishery
biologists feel that spring chinook are either extinct or returning in such low numbers as to not
constitute a distinct stock in the Green River. This is aso important from the perspective of
holding adult chinook. Unlike summer/fall chinook which only have to be held a matter of
weeks for sexual maturation, spring chinook have to be held for up to several months. This
longer holding period likely induces a higher mortality in the holding pond.

Fuerstenberg et a (In Draft) provided a chinook salmon escapement number of 55,197 adults
annually between 1938 — 1942 and 10,3000 for the years between 1987 - 1991, however no cita
tion for these numbers was provided and the Muckleshoot Indian Tribe has not agreed to these
figures (R. Malcom pers. comm.).

Additionally, Grette and Salo (1986) placed some doubt that the numbers of chinook returning to
the Diverson Dam were similar before and after construction. They based this doubt on the
amount of habitat available upstream of the project and poaching of adult salmon in the pools
below the diversion dam (R. Wolschlagel, pers. comm. contained in Grette and Salo 1986).

Additional insight into escapement records comes from Riseland (1913). He provides some data
on eggs taken from the Green River at the location of the then newly constructed Tacoma Head-
works Dam and insight of historic anadromous populations that would have migrated upstream of
this location. Those escapement estimates are shown in HSP 3.

HSP 3: Escapement estimates for spring chinook, coho and winter
steelhead to Upper Green River subbasin pre-1911 (Sour ce: Riseland 1913)

Species Range
Spring Chinook 150 - 300

Coho 9,000 — 25,000
Winter Steelhead 500 — 2,500

Finally, Chapman (1981) developed estimated smolt and adult returns for chinook, coho and
steelhead upstream of the Headworks. In the development of these estimates he assumed pristine
habitat conditions and the absence of HHD. Those estimates are shown below in HSP 4.
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HSP 4: Estimated chinook, coho and winter steelhead smolts produced and adult returns under
pristine conditions for the upper Green River subbasin (Source: Chapman 1981)

Species Smolts produced Adult Escapement
Chinook 128,644 1,286

Coho 213,516 4,270
Winter Steelhead 20,079 437

Sockeye salmon adults are reported annually in the vicinity of the Headworks. Estimates range
from 100 to 400 adults. It is unknown if these fish are successfully reproducing. Eagle Lake
(sometimes referred to as Enapooh Lake) is the only lake of sufficient size (53.2 surface acres) to
have historically provided a rearing opportunity for sockeye juveniles in this subbasin. How-
ever, it isno longer accessible to anadromous fish.

A comparison of the escapement and predicted returns from the individua sources above is
shown in HSP 5.

HSP 5: A comparison of predicted escapement estimates and returns of adult chinook, coho and
steelhead from three historical perspectives for the Green River upstream of the Tacoma
Headwor ks project.

Species Gretteand Salo Riseland Chapman
Chinook No estimate 150 - 300 1,286
Coho 5,400 — 6,200 9,000 — 25,000 4,270
Steelhead 500 — 2,600 500 — 2,500 437

The first anadromous salmon hatchery facility in the Green River basin, the Green River Hatch-
ery State Fish Hatchery (SFH) on Soos Creek was constructed in 1904. Egg takes had begun on
Soos Creek in 1903 but it is not clear where those eggs were taken. Run size, harvest and
spawning escapement data for the Green River (and other Puget Sound drainages) chinook and
coho are unavailable prior to the mid-1960s. However, early trap records at the Soos Creek SFH
do provide some insight into returns of these species. A weir was constructed across Soos Creek
beginning in 1903 for the purpose of obtaining hatchery broodstock and supplying the Soos
Creek SFH with coho and chinook eggs. Grette back calculated the numbers of female chinook
and coho salmon spawned and Salo (1986) based on egg take and literature obtained fecundity
averages. Those calculations show alow of 192 female coho spawned in 1903 (the first year of
operation) to a high of 6,013 in 1924. Numbers of adult female chinook spawned range from a
low of 192 in 1903 to a high of 7,308 in 1935. It is highly probable that escapement for these
two species was higher because the weir often washed out during October when leaf fall along
with heavy rains would have made maintaining the weir structure very difficult (Beckler 1967).

Total escapement estimates for winter steelhead prior to the 1977-78 (WDFW and WWTIT

1992) run year are not available. Run size and escapement estimates of winter steelhead to the
upper portions of the Green River basin were reported on earlier in this chapter. Fuerstenberg et
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a (In Draft) provided a winter steelhead escapement number of 4,400 adults annually between
1938 — 1942 and 1,600 for the years between 1987 - 1991, however no citation for these numbers
was provided and the Muckleshoot Indian Tribe has not agreed to these figures (R. Macom pers.
comm.).

Summer steelhead in the Green River are near the edge of the geographic range for this species.
The run size and estimated escapement of this species is not available. The best indication of a
historic run comes from Washington Department of Fish and Wildlife (formerly Washington
Departments of Fisheries and Game/Wildlife) harvest records. Harvest was very small prior to the
initiation of a hatchery program in the mid-1960's. Those harvest numbers are shown in HSP 6.

HSP 6: Historic sport catches of summer-run steelhead
in the Green River 1962 — 1982.

Year Catch
1962 3
1963 44
1964 0
1965 3
1966 53
1967 163
1968 254
1969 221
1970 180
1971 277
1972 1794
1973 1781
1974 647
1975 1014
1976 1722
1977 1664
1978 2477
1979 1196
1980 1528
1981 3398
1982 1934

Note: Catch numbers prior to 1974 are not corrected for non-response
bias, resulting in avalue that is probably higher than actual.

Historic run sizes and escapement estimates for chum salmon are more difficult to quantify.
Williams (1975) reported an average annual escapement for the Duwamish/Green River basin of
11,300 for the years 1966 — 71 inclusive. Thereisno terminal area harvest data available prior to
1974 that would assist in determining run size to the Duwamish/Green River. Spawning ground
counts for chum salmon are scarce. From the available information we were not able to deter-
mine historic run sizes or escapement estimates. Fuerstenberg et a (In Draft) provided a chum
salmon escapement number of 12,750 adults annually between 1938 — 1942 and 3,000 for the
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years between 1987 - 1991, however no citation for these numbers was provided and the Muck-
leshoot Indian Tribe has not agreed to these figures (R. Malcom pers. comm.).

Pink salmon have historically been present in low numbers in the lower and middle Green River
basin. Williams (1975) stated that pink salmon have been extinct in the Green River basin since
the 1930's but provided no insight into that determination. Grette and Salo (1986) cited
Williams (1975) and stated that they have been “... eliminated from the drainage...”. They also
stated that an occasional pink salmon adult is captured in mainstem Green River fisheries.
Fuerstenberg et a (In Draft) provided a pink salmon escapement number of 1,000 adults in odd
numbered years between 1938 — 1942, however no citation for this number was provided and the
Muckleshoot Indian Tribe has not agreed to these figures (R. Malcom pers. comm.). Historic
spawning ground surveys for pink salmon in the Green River basin are scarce and do not provide
enough data to assist in escapement determination. Indeed for the Green River basin there are
only 14 entries from three streams in a database that contains approximately 150,000 entries
from WRIAs 1 — 19. The current status of this species is discussed further elsewhere in this
report.

Historic data concerning coastal cutthroat trout in the Duwamish/Green River basin is scarce.
Williams (1975) indicated the presence of cutthroat trout in this basin but provided no abundance
or life history information. Cummins (1980) stated that the run and harvest is small in compari-
son to other river systems in northern Puget Sound. Only small numbers of cutthroat are
reported captured during sampling in the Duwamish Estuary (Meyer et a 1981, Weitkamp and
Campbell 1980, Weitkamp and Schadt 1982).
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OVERVIEW OF CURRENT SALMONID POPULATION

The 1992 Washington State Salmon and Steelhead Inventory (SASSI) (WDFW and WWTIT,
1994) listed the stock status of Green River summer/fall chinook, Crisp Creek fall chum, Soos
Creek coho, both summer and winter steelhead stock as healthy. The stock status of Green River
fall chum, sockeye, and bull trout were listed as unknown. Pink salmon are believed by many to
have been extirpated in WRIA 9 and were not identified as a stock present in this system. How-
ever, adult pink salmon have been observed spawning in the mainstem and juvenile pink salmon
have been captured. A summary of salmon and steelhead usage in magjor subbasins is presented
in table CSP-1. The Green River winter steelhead, bull trout and coastal cutthroat trout are
defined as a native stock. The origin of Green River sockeye salmon is unknown. Both chinook
stocks, Soos Creek coho are of a mixed stock origin while Crisp Creek fal chum, early timing
winter steelhead and summer steelhead are of a non-native origin. The National Marine Fisheries
Service (NMFS) includes the naturally produced fall chinook stock population in the Puget
Sound Evolutionary Significant Unit (ESU) and has listed that ESU as Threatened under the
Endangered Species Act. There have only been occasiona observations of adult spring chinook
in this system. The stock status of Green River native winter steelhead was listed as healthy in
SASSI, but recent population trends indicate that may be optimistic.

Table CSP-1. Salmon Species and Stocks Found in the Green/Duwamish (SASSI 1994). The NMFS and USFWS listed or
proposed Endangered Species Act (ESA) listing status are also shown as of January 2000.
Stock
Stock Production Status ESA Status
Stock! Origin? Type® (SASSI) (NMFS & USFWS)
Green/Duwamish River Summer/Fall Chinook Mixed* Composite’ Healthy Listed as Threatened
Newaukum Creek Summer/Fall Chinook Mixed wild® Healthy Listed as Threatened
Green/Duwamish River Fall Chum Mixed Composite Unknown Not Warranted
Crisp (Keta) Creek Fall Chum Non-native® Cultured ° Healthy Not Warranted
Green River/Soos Creek Coho Mixed Composite Healthy Candidate
Newaukum Creek Coho Mixed Composite Depressed Candidate
Green/Duwamish River Summer Steelhead Non-native Composite Healthy Not Warranted
Green/Duwamish River Winter Steelhead Native® wild Healthy Not Warranted
Green/Duwamish River Early Winter Steelhead Non-native Cultured Healthy Not Warranted
Green River Pink Native Wwild Unknown But Not Warranted
Presumed Depressed
Green River Sockeye'” Unknown wild Unknown Uncertain
Green River Bull Trout™ Native Wild Unknown Listed as Threatened
Green River Coastal Cutthroat Trout? Native wild Unknown Protection Unnecessary
At This Time

Notes

As defined in WDFW and WWTT (1994), the fish spawning in a
particular lake or stream(s) at a particular season, which fish to a
substantial degree do not interbreed with any group spawning in
a different place, or in the same place at a different season.

The genetic history of the stock

The method of spawning and rearing that produced the fish that
constitutes the stock.

A stock whose individuals originated from commingled native and
non-native parents, and/or by mating between native and non-
native fish (hybridization) or a previously native stock that has
undergone substantial genetic alteration.

A stock that has become established outside of its original range

An indigenous stock of fish that have not been substantially
impacted by genetic interactions with non-native stocks, or by other
factors, and is still present in all or part of its original range.

A stock sustained by both wild and artificial production.

A stock that is sustained by natural spawning and rearing in the
natural habitat, regardless of parentage (includes native)

A stock that depends on spawning, incubation, hatching, or rearing
in a hatchery or other artificial production facility.

Not listed in WDFW and WWTT (1994).
Listed in WDFW SaSlI (1998).
WDFW (2000).
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GREEN/DUWAMISH RIVER BASIN SUMMER/FALL CHINOOK SALMON POPULATION
TRENDS

Chinook salmon in the Green River consist primarily of summer/fal run fish. Historically, a
spring run also occurred in the watershed but re-routing of the White River to the Puyallup
drainage in 1906 (natural and man-induced), re-routing of Lake Washington and Cedar River to
the Ship Canal in 1916, construction of the Tacoma Diversion Dam in 1913 and construction of
Howard Hansen Dam in 1961 eliminated access to much of the headwater habitat typically
needed by spring chinook salmon in this region (Grette and Salo 1986). These changes reduced
the Green River watershed to approximately 30percent of its historical size. Presently, nearly all
of the natural chinook production occurs in the mainstem Green River below the Tacoma Diver-
sion Dam, Soos Creek, and Newaukum Creek. Chinook in WRIA 9 are separated into two stocks
(WDFW and WWTIT, 1994), the Green/Duwamish and the Newaukum Creek summer/fall
stocks. Escapement for the Green/Duwamish River summer/fall chinook stock from 1986 to
1997 is shown in Figure CSP-1, averaged 6,031 and ranged from 2,027 to 10,059. Between those
dates the escapement of naturaly spawning fish has varied substantially. Although spring
chinook salmon are occasionally found in the Green River it is not known if these fish constitute
a self-sustained run.

Chinook salmon returning to the Green River have been a mixture of natural spawning and
hatchery chinook salmon since approximately 1904 when the first hatchery fish returned to the
Green River Hatchery on Soos Creek. Harvest and spawning escapement data for the Green
River (and other Puget Sound drainages) are unavailable prior to the mid-1960s. The only index
of chinook salmon returns to Puget Sound during the early 1900s is commercial and sport har-
vests in the Strait of Juan de Fuca and Puget Sound. However, these data are confounded by the
presence of chinook salmon destined for British Columbia and the interception of Puget Sound-
bound chinook in Washington coastal troll and other interception fisheries.

As aresult of recent efforts by the WDFW and tribes, more accurate records of chinook spawn-
ing escapement and stock-specific harvests are available since 1968. Enhanced accounting of
chinook escapements and runs in Puget Sound drainages arose, in part, as a response to the 1976
Boldt (U.S. vs WA.) decision which influenced managers to switch from harvest rate based man-
agement to spawning escapement based management. However, the harvest component in the
stock-specific WDFW run reconstruction database is limited to commercial harvests (mainly net
harvests) in Puget Sound (treaty and non-treaty Indian). Sport and commercial fishermen in
British Columbia harvest many chinook salmon having their origin in Puget Sound. To account
for Green River chinook salmon harvested in fisheries other than commercial net harvests in
Puget Sound, NRC (1999) integrated annual distributions of total mortalities (including inciden-
tal mortalities) associated with each fishery in each geographic region (PSC 1999) with the
WDFW harvest data to reconstruct total annua runs of chinook salmon returning to the Green
River. The results of this run reconstruction are described below for natural spawning and hatch-
ery summer/fall chinook salmon.

The reconstructed run estimates for Green River chinook salmon are subject to a variety of
measurement errors, which are typical of fishery estimates such as these. For example, currently
the spawning escapement in the Green River is estimated by counting chinook redds (spawning
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nests) in a portion of the basin, expanding redds counts by a factor of 2.5 to account for numbers
of fish per redd, then expanding this estimate of spawning fish to the entire basin based on an
estimate of total habitat believed to support spawning chinook salmon (Smith and Castle 1994).
For mainstem Green River, the latter expansion factor is 2.6, indicating that most of the spawn-
ing grounds are not sampled each year. This expansion factor is currently under review and the
reanalysis may lead to somewhat lower spawning escapement estimates (Cropp, 1999). Spawn-
ing escapement estimates include hatchery strays, a fact that leads to overestimation of the “natu-
ral” chinook run produced by naturally spawning parents. Ongoing efforts to remove this bias are
discussed below. The most accurate component of fishery statistics is commercial harvest, but
significant error may occur when allocating the harvest to the various watersheds in Puget Sound
and British Columbia using the Fishery Regulatory Assessment Modeling (FRAM) and Pacific
Salmon Commission models.

For this report, we describe Green River chinook runs returning to the hatcheries and to the
spawning grounds. The natural spawning population includes hatchery salmon that stray to the
spawning grounds. Thus, “natural” chinook, which are produced by naturally spawning parents
(wild and hatchery origin), are overestimated to the extent that hatchery chinook stray to the
spawning grounds. Because the WDFW and MITFD run reconstruction approach utilizes the
ratio of chinook returning to the hatchery compared to the spawning grounds to estimate hatch-
ery versus “natural” chinook salmon in harvests, the true natural run is overestimated and the
hatchery run is underestimated. The confounding effect of hatchery strays on natural chinook
production estimates in systems such as the Green River was identified in the NMFS status
review as a key concern leading to the listing of Puget Sound chinook salmon (Myers et a.
1998).

For this report, we use the term “natural” chinook salmon to mean fish produced by natural
spawning parents that return to the spawning grounds plus hatchery fish that stray to the spawn-
ing grounds. This terminology is used because existing WDFW and MITFD escapement data can
not distinguish between true natural fish and hatchery strays. Ongoing efforts are being made to
use coded-wire-tag recoveries in the hatcheries and spawning grounds to estimate stray rates.
With the initiation of the “Massmarking” of hatchery produced chinook beginning with brood
year 1999 the ability to distinguish on the spawning grounds between hatchery produced and
natural produced fish should accomplished beginning in 2003.

NATURALLY PRODUCED GREEN RIVER ORIGIN CHINOOK SALMON

During 1968-1996, the estimated naturally produced run of summer/fall Green River chinook
salmon ranged from 5,600 in 1973 to 41,000 in 1983 and averaged 17,400 fish (Figure CSP-2).
Run size tended to be higher during recent years (1983-1996) compared to earlier years (1968-
1982), indicating the downward trend common to other Puget Sound stocks is not evident among
“natural” Green River chinook salmon. The trend of greater runs during recent years compared
to earlier yearsis also evident from WDFW’ s estimated commercia net harvests of Green River
“natural” chinook and spawning ground escapement estimates (Figure CSP-2).

WDFW and the Muckleshoot Indian Tribe (MIT) estimates the spawning population of chinook
salmon in the Green River by counting chinook salmon redds (spawning nests) within selected
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stream reaches, expanding these redd counts to unsurveyed spawning habitat, then expanding
redd counts to the total spawning population. The spawning escapement goal of 5,800 natural
spawners was established in the mid-1970s using average escapement of wild and hatchery
strays during 1965-1976 (Ames and Phinney 1977). As shown in Figure CSP-1, the estimated
spawning escapement during 1986-1997, including unknown hatchery strays, averaged 5,700
fish and it exceeded the goal during 12 (40 percent) of 30 years (Figure CSP-1). During the past
10 years (1988-97), spawning escapements have been relatively large (avg. 7,280 fish) and
escapements have exceeded the goal during 7 (70 percent) of 10 years.

It is worth noting that escapements greater that 6,060 fish tended to produce greater returns, on
average, compared to somewhat smaller escapement. This suggests the risk of producing small
returns is reduced when allowing somewhat larger escapements. Large escapements leading to
overcompensation (declining returns from large escapements) was not clearly evident within the
range of observed escapements, indicating the risk of reduced returns at escapements less than
10,000 fish is probably low.

This run reconstruction analysis of “natural” chinook salmon includes stray hatchery chinook
salmon that spawned in the Green River. Hatchery chinook salmon on the spawning grounds
may have originated from fish released from the hatcheries or from off-station releases such as
those at Icy Creek and above Howard Hansen Dam. The implication is that the natural run, har-
vest, and escapement of Green River chinook salmon is overestimated to the extent that hatchery
fish contribute to natural spawners on the Green River. Hatchery strays affect harvest estimates
of natural chinook because the run reconstruction approach used by WDFW and the MIT is
dependent on the estimated escapement to the spawning grounds. For example, if 30 percent of
the chinook escaping to the river return to the spawning grounds and 70 percent return to hatch-
eries, then WDFW and MIT assumes 30 percent of the harvest of Green River chinook (hatchery
and wild) is allocated to the “natural” run and 70 percent to the hatchery run.

A modeling exercise is underway to reconstruct wild chinook runs and escapements based on a
range of stray rates for cultured chinook salmon in the Green River (NRC 1999). The analysis
will use recoveries of coded-wire-tagged hatchery salmon recovered on the spawning grounds
and hatcheries to estimate stray rates. This analysis removes stray hatchery fish from escapement
and harvest estimates during the year of return and it removes estimates of future production
produced by stray salmon spawning in the river. Preliminary results suggest that while the
revised wild chinook runs and escapements are smaller than those reported above, the productiv-
ity of the system, in terms of adult returns per spawner, remains relatively high.

As previoudly stated, the naturally spawning component of the Green River chinook run contains
a mixture of wild and hatchery chinook. The major question pertaining to the status of Green
River chinook is the contribution of hatchery chinook to the natural escapement. Draft run-re-
construction information for the years 1989 — 1997 inclusive indicates approximately 56 percent
(range: 25 to 83 percent) of the natural escapement in the mainstem Green River of being from
hatchery reared and released fish (Cropp, pers. comm.1999). It is not possible to determine to
what extent the remaining approximate 40 percent of the mainstem Green River escapement has
its ancestry from hatchery origin fish that have spawned for one or more generations in the wild.
For the same time period, in Newaukum Creek, the origin of adult chinook is approximately 45
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percent (range: 15 to 79 percent) of hatchery origin (Cropp 1999). Additionally, draft data, for
the same time period, indicates approximately 39 percent (range: 1 to 76 percent) of the adult
chinook returning to the hatchery rack are progeny of natural spawning adults. Newaukum and
Soos Creek data is probably quite reliable since sampling rates are relatively high (30 percent
and 98 percent respectively) (Cropp 1999). The Green River mainstem sampling rate was
roughly 4 percent due to difficulties in locating samples in the large river and is probably less
reliable. Sampling efforts in the mainstem Green River were increased beginning in 1998 but the
data has not yet been analyzed.

The chinook spawning escapement estimates in Figure CSP-1 include hatchery strays, a fact that
leads to overestimation of the “wild” chinook run produced by naturally spawning parents. If
large numbers of hatchery strays are included in SASS| escapement estimates, the SASSI status
designation for this population could be changed to reflect that contribution.

Figure CSP-1: Green River (WRIA 9) Summer/Fall Chinook Escapement 1986 - 1997.
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Newaukum Creek summer/fall chinook escapement from 1987 to 1997 is shown in Figure CSP-2
and averaged 1,135 with arange from 285 to 2,968.

The Green/Duwamish River Basin chinook stock is considered a composite with contributions
from hatchery production and natural production. Newaukum Creek fall chinook production is
considered wild (WDFW and WWTIT 1994) and is dependent on natural production. Escape-
ment for the Green/Duwamish River summer/fal chinook stock from 1986 to 1997 is shown in
Figure CSP-1, averaged 6,031 and ranged from 2,027 to 10,059. Between those dates the
escapement of naturally spawning fish has varied substantially. For both stocks, escapement
estimates are dependent on redd counts in specified river/creek reaches and expanded by a factor
to reflect total escapement to the basin. The counts are accurate for the areas surveyed, but may
not be reflective of total escapement (WDFW and WWTIT 1994). Recently, some comparisons
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of escapement estimates based on a comparison of different methodologies have challenged this
assumption. For example, when using a methodology called “Peak-redds-to-total-redds’, which
has been the traditional methodology of choice on the Green River, the mainstem chinook
escapement in 1997 was 11,236 fish. If the escapement estimate is calculated using a methodol-
ogy called the “Index Expansion” method as used for calculating steelhead escapement then the
chinook escapement for 1997 is 5,808 fish. The difference between the two estimates is 5,428
fish (49 percent).

Newaukum Creek summer/fall chinook escapement from 1987 to 1997 is shown in Figure CSP-2
and averaged 1,135 with a range from 285 to 2,968. Based on coded wire tag (CWT) recoveries
from adult chinook in Newaukum Creek, Newaukum Creek chinook escapements are strongly
influenced from hatchery production strays from the Green River SFH and Icy Creek Rearing
Ponds. The extent to which strays from mainstem Green River production are present in
Newaukum Creek is unknown. An examination of CWT data from Newaukum Creek indicates
that chinook straying from hatchery production into Newaukum Creek provides the majority of
chinook spawning population in Newaukum Creek. SASSI (WDFW and WWTIT 1994) listed
Newaukum Creek chinook as a separate stock but do to the extent of hatchery straying, geo-
graphic proximity of Soos Creek SFH and the Icy Creek SFH it is likely that chinook spawning
in Newaukum Creek are part of the same stock as the Green River chinook.

Spring chinook were historically present in the Green/Duwamish River. However this run either
returns in such low numbers as to be difficult to detect or became extinct after the diversion of
the White River in 1906 and the blockage of the mainstem Green River by the Tacoma Head-
works Dam in 1913. These adult spring chinook would have spawned from July through
September and typically in the headwater areas where higher gradient habitat exists. There does
exist some evidence (R. Malcom 1999) of early September spawning chinook in the higher
reaches of the mainstem Green River, but it is unclear if these fish are truly spring chinook or
early spawning fall chinook.

Figure CSP-2: Newaukum Creek (WRIA 9) Summer/Fall Chinook Escapement 1987 - 1997.
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GREEN/DUWAMISH RIVER BASIN COHO SALMON POPULATION TRENDS

The coho salmon that enter the Green/Duwamish River basin, WRIA 9, are separated into two
stocks (WDFW and WWTIT, 1994), Green/Duwamish and Newaukum Creek stocks. Escape-
ment estimates for the Green/Duwamish River stock from 1967 to 1998 are shown in Figure
CSP-3, averaged 3,816 and ranged from 700 to 12,500. Of particular interest is that significant
differences exist in spawn timing between these stocks that might be indicative of genetic differ-
ences. Coho returning to the Green River typically spawn to mid-November. Newaukum Creek
coho may spawn into mid-January (WDFW and WWTIT 1992, WDFW Spawning Ground
Survey Database).

Figure CSP-3: Green/Duwamish River (WRIA 9) Coho Escapement 1967 - 1998.
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Newaukum Creek is a left-bank tributary that joins the mainstem Green River aa RM 40.7.
Spawning escapement index data estimates for this stock from 1960 to 1996 is shown in Figure
CSP-4, averaged 5,029 and ranged from 1,034 to 9,300.

The naturally spawning coho population in the Green River basin is comprised of an unknown
mixture of natural and hatchery origin fish. The magnitude of adult hatchery fish that contribute
to the natural spawning population has not been determined. The spawning escapement estimates
in Figures CSP-3 and CSP-4 include hatchery strays, a fact that leads to overestimation of the
“wild” coho run produced by naturally spawning parents. If large numbers of hatchery strays are
included in SASSI escapement estimates, the SASS| status designation for this population could
be changed to reflect that contribution.
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Figure CSP-4: Newaukum Creek Coho Spawning Escapement Index Data 1960 - 1996.
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GREEN/DUWAMISH RIVER BASIN CHUM SALMON POPULATION TRENDS

The chum salmon that enter the Green River basin are part of the South Puget Sound area chum
stocks (Phelps et a. 1995). They are further separated into two stocks (WDFW and WWTIT
1994); Green River fall-run chum and Crisp Creek (also referred to as Keta Creek) fall-run chum
salmon. The origin of Green River fall-run chum is an East Kitsap/wild remnant mix, while the
Keta Creek fall-run stock is of East Kitsap (Cowling Creek broodstock whose origin is from
Chico Creek) origin (Dorn 2000).

Chum salmon escapement for the Green River basin is sparse. Spawner survey data go back as
far as 1947 where 452 chum were observed in Burns Creek. More recent surveys have shown
significant numbers (nearly 700 adults in November 1987) of fish present but these fish were
believed destined for the Keta Creek hatchery program. Spawning information on the remnant
mixed origin Green/Duwamish River stock is limited and no attempt is made here to provide
escapement estimates.

GREEN/DUWAMISH RIVER BASIN PINK SALMON POPULATION TRENDS

Williams (1975) characterized Green River pink salmon as extinct from this basin. Additionally,
no mention of a pink salmon in the Green/Duwamish River basin stock was made in SASSI
(WDFW and WWTIT 1994). More recently, Fuerstenberg (In Progress 1998) was unable to
locate reports of pink salmon present in the Green River basin. Low numbers of pink salmon
adults are observed in odd number years during spawning ground surveys in the mainstem Green
River and a few tributaries (WDFW, 1999a). Additionally, persona observations by fisheries
biologists in 1999 have confirmed the presence of pink salmon adults in low numbers in the
mainstem Green River. Adults have been observed as far upstream as the confluence with Burns
Creek (RM 41.5). In 2000, juvenile pink salmon were reported to have been captured in a screw
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trap on the mainstem Green River at RM 34.5. Thisis a clear indication of reproductive success
at least through the spawning, incubation and hatching life history traectories.

It is not clear if these are strays from other basins attempting to recolonize the Green River or
remnant fish from the historic native population. Currently, the stock status for this species is
unknown, but because of the low numbers present is believed to be depressed. Observations of
spawning adults have been in odd number years only and the stock is believed to return in odd
numbered years only.

GREEN/DUWAMISH RIVER BASIN WINTER STEELHEAD POPULATION TRENDS

There are two Green/Duwamish River basin winter steelhead stocks characterized in SASSI
(WDFW and WWTIT 1994). These stocks are: the native wild spawning population and; the
early timing hatchery stock. The status of both winter steelhead stocks has been characterized as
healthy (WDFW and WWTIT 1994). Population trends of Green River wild winter steelhead in
the early 1990’ s began a steady decrease similar to those of many other regional stream systems.
Similar to many of those systems, Green River wild winter steelhead have rebounded. Recent
(run year 1999-2000) escapement estimates were less than desired and are currently the cause of
some concern.

No escapement data for Green/Duwamish River basin origin winter steelhead stocks is available
prior to 1978. Escapement estimates are not available for 1997 due to poor water visibility con-
ditions. Winter steelhead escapement to the Green/Duwamish River basin is depicted in Figure
CSP-5.

Figure CSP-5: Green/Duwamish River Winter Steelhead Escapement Estimates Run Years 1977/8 —
1998/9. Note: No escapement data is available for run year 1996/97 due to poor water visibility.
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GREEN/DUWAMISH RIVER BASIN SUMMER STEELHEAD POPULATION TRENDS

There may have been a historic native wild summer steelhead stock in the Green River Basin.
Prior to 1966, sport angler punch cards indicated an annual summer steelhead harvest of small
numbers (<12) fish per year (1962-66). SaSI (WDFW and WWTIT 1994) concluded that adult
summer steelhead caught in the Green River basin were the result of strays from other systems or
the result of adult winter steelhead caught during the summer steelhead management period
(May 1 to October 31). The Green River Basin is within the geographic range of summer steel-
head, approaching the northern edge and it is possible that it may have had a small historic
summer steelhead population.

The current summer steelhead in the Green River Basin are the result of non-native (hatchery
introduced) origin fish from the Skamania summer steelhead stock initialy introduced in 1965.
Escapement goals are not set for this stock as it is thought to be ailmost entirely hatchery sup-
ported and managed for the recreational sport fishery.

GREEN RIVER BULL TROUT POPULATION TRENDS

The stock status for bull trout in the basin is unknown (WDFW 1998). Information on the pres-
ence, abundance, distribution, utilization and life history of bull trout in the Green River basin is
either unavailable or extremely limited. Suckey first observed native char in the Duwamish River
during June 1856. He observed specimens as large as two feet in length in the Duwamish and
another individual fish was captured approximately 35 miles upstream in June 1856 (Suckey and
Cooper 1860). These fish were described as “red-spotted salmon trout” with the scientific name
of Salmo spectablis. Pautzke and Megis (1940) described the presence of a “few” Dolly Varden
during the 1930’s in the Green River. More recently, Mongillo (1993) suggested the need for
additional data collections. Investigations (Watson and Toth 1994, Tacoma Water HCP 1999
Draft) have not provided any evidence of bull trout spawning in the Green River Basin. How-
ever, native char have been captured as far as RM 40 in the Green River (Watson and Toth
1994). Recreational anglers have reported sightings of native char in the lower Green River (H.
Boynton, pers. comm.). Native char have not been observed or captured upstream of Howard
Hanson Dam as a part of surveys conducted by Plum Creek Timber Company (Watson and Toth,
1994).

Bull trout are reported to have been recovered in the lower mainstem Green/Duwamish River on
several occasions. A single bull trout was reported captured at the Soos Creek Hatchery rack in
1956 (Beak 1996). There is no supporting data regarding this reported individual fish. That paper
attributed this information to a personnel communication from Fred Goetz (1994). During a fish
study conducted by the Port of Seattle, a single adult Dolly Varden was reported captured in the
Duwamish River at RM 2.1 (Weitkamp 1980). In 1980 one bull trout/Dolly Varden was col-
lected, downstream of RM 4.0, as part of a juvenile salmonid study in the Duwamish River
(Weitkamp 1982). No meristic sampling was conducted on these three fish so it is unclear if they
are bull trout or Dolly Varden.
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An adult bull trout was captured by the Muckleshoot Indian Tribal staff at approximately RM 5
during juvenile beach seining sampling efforts in 1994 (R. Malcom 1999). This later fish was
anayzed by the University of Washington and confirmed to be a bull trout. It is uncertain if these
fish were of Green/Duwamish River basin origin, were of non-Green/Duwamish River basin fish
temporarily rearing in the Green/Duwamish River basin, or were strays attempting to recolonize
the basin.

GREEN RIVER COASTAL CUTTHROAT TROUT STOCK COMPLEX POPULATION TRENDS

Coastal cutthroat trout (O. clarki clarki) are a subspecies of cutthroat trout (O. clarki) that are
believed to have diverged into separate lines about 1 million years ago (Behnke 1997). Currently,
WDFW uses the concept of a “Stock Complex” to identify coastal cutthroat stocks. The defini-
tion of a Stock Complex is: A group of stocks typically located within a single watershed or
other relatively limited geographic area believed to be closely related to one another. This con-
cept was developed in response to genetic analyses conducted by a number of investigators that
showed there is a high degree of genetic diversity among coastal cutthroat trout populations even
within small stream systems.

SaSl (WDFW 2000) identified a distinct stock of coastal cutthroat trout in the Green River
Basin. This unique identification was based on geographic distribution and recognized a lack of
data to attain certainty for this conclusion (WDFW 2000). The NMFS ESU for coastal cutthroat
trout includes the Green River Basin (Johnson et a 1999). In the NMFS coastal cutthroat status
review (Johnson et al 1999) indicated that few data was available concerning historic and present
abundance of coastal cutthroat trout in the ESU.

Assessing populations of coastal cutthroat trout in the Green River Basin is particularly difficult.
A reduction in habitat capacity within the Puget Sound ecoregion has been widespread as
streams were extensively modified beginning in the late 1800's and continuing through today.
Data for trends in coastal cutthroat trout abundance in Green River Basin streams is not available
at the time of this report. Data from other Puget Sound river systems is mixed and often times
coastal cutthroat trout are caught incidentally, in river traps, to atargeted species such as coho.

NMFS found that the scarcity of information available made risk assessments extremely difficult
for coastal cutthroat trout. In their final conclusion(Johnson 1999), they determined that there
were two aternative conclusions:

“There is not enough evidence to demonstrate that coastal cutthroat trout are not at a
significant risk of extinction; and

“There is not enough evidence to demonstrate that coastal cutthroat trout are not at risk.”

In SaSI (WDFW 2000), it was the conclusion of the editors that the stock status of Green River
Complex coastal cutthroat was unknown. The only data they cited was limited electrofishing
surveys conducted in Newaukum Creek.
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SALMONID DISTRIBUTION

The current known freshwater distribution of anadromous salmonids within the
Green/Duwamish River basin and independent tributaries to Puget Sound in WRIA 9 is illus-
trated in the Fish Distribution Maps located in the Appendix. Information for the known distri-
bution was obtained from tribal, state, county and federal fishery professionals and published
databases (SASSI, WDFW Spawning Ground Survey Database, and StreamNet, etc.).

The current known freshwater distribution potentially underestimates the actual distribution of
salmonids because it does not include the presumed distribution. The presumed distribution of
salmonids is being addressed through efforts by the Northwest Indian Fish Commission, Salmon
and Steelhead Habitat Inventory Project (SSHIAP). In many cases the smaller tributaries have
not been surveyed. Often times, private landowners deny survey crews access to creeks. Some
reaches of streams and rivers are not surveyed due to difficult access caused by natura terrain.
Stream gradient break points are being established and a presumed distribution map should be
available later in 2000.
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4. SALMON GENETICS

EXECUTIVE SUMMARY

The genetic diversity of a salmon species is important to that species abilities to undergo and
withstand changes in climate, natural predation, diseases, competition, ocean rearing conditions
and natural catastrophes. It is through this resiliency that the species survive.

The National Marine Fisheries Service has provided guidance in the form of three components of
a successful restoration strategy (NMFS 1996). Such a strategy should consist of the following
elements: (A) protection and conservation; (B) certainty that the strategy will be implemented
and (C) a comprehensive monitoring program. NMFS expanded that guidance into three
additional fundamental elements ultimately need to be addressed. Those include:
(1) “...increased abundance of naturally spawned fish...”; (2) a“...broad geographic distribution
of naturaly spawned fish...”; and (3) a“...genetic diversity in a pattern and at levels consistent
with natural evolutionary processes...”. In this document we intend to supply the reader with the
information necessary to assist in answering the third element.

There have been severa attempts to organize salmon populations along genetic lines. Currently,
the National Marine Fisheries Service (NMFS) has organized salmon populations in
Evolutionary Significant Units (ESUs). An ESU is best defined as a population (or group of
populations) that is (1) reproductively isolated from other conspecific population units (separate
from), and (2) represents an important component in the evolutionary legacy of the species
(unique). The isolation of a population does not have to be absolute, but strong enough to allow
for evolutionary important differences to accrue between populations. The second criteria is best
met if the population contributes to the ecological and/or genetic diversity of the species as a
whole. (Waples 1991). The boundaries of Puget Sound salmonid ESUs often overlap but differ
between species.

Much of the genetic data used to define ESUs has come from information obtained by the
Washington Department of Fish and Wildlife (WDFW) and the Western Washington Treaty
Indian Tribes (WWTIT). WDFW has organized stocks into genetic diversity units (GDUs) and
major ancestral lineages (MALS). In most cases, GDUs are grouped into larger assemblages
called Magor Ancestral Lineages (Marshall et al. 1995). The GDU/MAL initiative was intended
as part of an effort to provide NMFS with pertinent information to assist in ESU designations.
Given that much of the genetic data used in the federal ESU determinations were collected and
analyzed on behalf of the State of Washington (Marshall et al. 1995), it is not surprising that the
Puget Sound chinook MAL contains a group of populations similar to the ESU grouping. Thisis
not always the case with other salmon species as the ESUs and MALSs often overlap but have
different boundaries.

A summary of stock status, stock history and ESA status is contained in table Gen-1.
Green River origin fall chinook have the largest amount of genetic information available,

followed by chum and coho salmon. Steelhead have undergone a similar level of scrutiny but
utilizing different investigative techniques. Sockeye salmon populations in the Green River have
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not been genetically evaluated. Pink salmon are known to occur in the Green River but are not
considered viable by the natural resource management agencies and are not discussed in this

document.

Table Gen-1.

Salmon Species and Stocks Found in the Green/Duwamish River (WDFW and WWTT 1994).

The NMFS Evolutionary Significant Units (ESU) and listed or proposed Endangered Species
Act (ESA) listing status are also shown as of October 4, 1999.

Stock Production
Stock * Origin 2 Type® ESU ESA
Status
Duwamish/Green River Fall Chinook Mixed * Composite © | Puget Sound ™ Threatened
Newaukum Creek Fall Chinook Mixed wild 8 Puget Sound *° Threatened
Duwamish/Green River Fall Chum Mixed Composite I131uget Sound /Strait of Georgia Not Warranted
Crisp (Keta) Creek Fall Chum Non-native ° Cultured ® I131uget Sound /Strait of Georgia Not Warranted
Green River/Soos Creek Coho Mixed Composite Puget Sound/Strait of Georgia 2| candidate
Newaukum Creek Coho Mixed Composite Puget Sound/Strait of Georgia 2| candidate
Duwamish/Green River Summer Steelhead Non-native Composite Puget Sound 13 Not Warranted
Duwamish/Green River Winter Steelhead Native ° Wild Puget Sound ** Not Warranted
Duwamish/Green River Early Winter Non-native Cultured Puget Sound 13 Not Warranted
Steelhead (Chambers Ck.)
Green River Sockeye 1 Unknown Wild Not Determined Uncertain
Green River Bull Trout ** Native Wild Puget Sound Proposed
Threatened
Green River Coastal Cutthroat Trout *° Native Wild Puget Sound Not Warranted

Notes

1. Asdefined in WDFW and WWTT (1994), the fish

spawning in a particular lake or stream(s) at a particular

season, which fish to a substantial degree do not

interbreed with any group spawning in a different place, or
in the same place at a different season.

2. The genetic history of the stock

3. The method of spawning and rearing that produced the

fish that constitutes the stock.

4. A stock whose individuals originated from commingled

native and non-native parents, and/or by mating between
native and non-native fish (hybridization) or a previously

native stock that has undergone substantial genetic

alteration.

5. A stock that has become established outside of its original

6. Anindigenous stock of fish that have not been
substantially impacted by genetic interactions with non-
native stocks, or by other factors, and is still present in all
or part of its original range.

7. A stock sustained by both wild and artificial production

8. A stock that is sustained by natural spawning and rearing
in the natural habitat, regardless of parentage (includes

native)

9. A stock that depends on spawning, incubation, hatching,
or rearing in a hatchery or other artificial production facility.

10. Meyers et al. (1998).

11. Johnson et al. (1997).

12. Weitkkamp et al. (1995).

13. Busby et al. (1996).

14. Not listed in WDFW and WWTT (1994)

range. 15. Listed in WDFW SaSI (1998).
16. Johnson et al (1999).
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KEY FINDINGS AND DATA GAPS

FALL CHINOOK HIGHLIGHTS
The Green River has had afall chinook hatchery program for the last 95 years.

Green River fall chinook have played an important part in a number of hatchery programs
throughout Puget Sound.

Green River hatchery and Newaukum wild fall chinook populations are genetically
indistinguishable.

Draft data indicates that the contribution of natural spawned adults to escapement at the
Soos Creek Hatchery is approximately 39 percent (range: 1 to 76 percent).

Draft data indicates that the contribution of natural spawned adults to escapement in the
Newaukum River is approximately 45 percent (range: 15 to 79 percent).

Draft data indicates that the contribution of natural spawned adults to escapement in the
Green River is approximately 56 percent (range: 25 to 83 percent).

FALL CHINOOK DATA GAPS

The exact contribution of hatchery fall chinook to mainstem Green River naturad
escapement is not yet fully known.

In the Green River Basin, the ramifications genetic flow between the hatchery and wild
populations is unknown.

CHUM HIGHLIGHTS
The Green River has had a chum hatchery program since 1976.

Green River chum salmon are geographically isolated from other chum salmon
populations in Puget Sound.

Two chum salmon stocks exist within the Green River Basin.

CHUM DATA GAPS
The extent of chum salmon straying in the Green River Basin is unknown.

In the Green River Basin, the ramifications genetic flow between the hatchery and wild
populations is unknown.
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COHO HIGHLIGHTS
Green River hatchery and Newaukum coho are genetically similar.

Green River Basin coho are listed as a Candidate for listing under the ESA.

COHO DATA GAPS

The contribution of hatchery coho to natural escapement is unknown. The reverse is also
true.

In the Green River Basin, the ramifications genetic flow between the hatchery and wild
populations is unknown.

The actual extent of any tempora separation in timing between Green River and
Newaukum Creek coho is unclear in terms of defining separate stocks.

WINTER STEELHEAD HIGHLIGHTS

Green River origin winter steelhead are a part of the larger wild Puget Sound winter-run
steelhead stocks.

WINTER STEELHEAD DATA GAPS

In the Green River Basin, the ramifications genetic flow between the winter steelhead
hatchery and wild populations is unknown.

Because of timing differences the genetic flow between these stocks is believed to be low.
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INTRODUCTION

As human populations have increased in the Green River Basin, tremendous pressure has been
put on salmon and steelhead stocks. Demand for these fish has increased as their habitat base has
been reduced. Several years of unfavorable marine conditions have reduced their survival.
Management planning has considered issues such as harvest, reduced marine survival and
freshwater productivity, but until recently has not considered the magnitude and importance of
the genetic diversity of these fish.

The knowledge of the genetic stock structure of salmon and steelhead is now recognized as a
fundamenta issue for their conservation and management. These fish exhibit a tremendous
amount of genetic diversity that is revealed through ecological, life history and molecular genetic
variability. The genetic diversity that these fish contain is a major contributor to current
productivity and, potentially more important, a resource for adaptive change. It is the genetic
diversity available for adaptive change that will promote future productivity and survival.

To understand and conserve genetic diversity it is important to understand the existing amount
and pattern of genetic diversity. This paper is an attempt to provide the reader with an overview
of current genetic issues of Green River Basin samon and steelhead. Scientists are ill
investigating the genetics of Green River sailmon and steelhead stocks, as well as others within
the region. It is possible; that as new information becomes available the views presented below
may change.

BACKGROUND

In this paper we present the reader with biochemical and molecular genetic evidence that has
been used to define reproductively isolated populations of Green River origin chinook, chum and
coho salmon, along with winter steelhead. The methods by which much of this data is processed
is very technical, the details of which are not necessary for the purposes of the information
presented below. However, it is useful to know that the bulk of the data consists of frequencies
of protein variants (allozymes) or mitochondrial DNA identified through electrophoresis. After
the allozymes are identified, severa standard statistica methods are used to analyze the
molecular genetic data in order to test various hypothesis of reproductive isolation. These
methods are applied within and between populations. A finding of significant frequency
differences between populations may be evidence of reproductive isolation.

There are additional methods of measuring the genetic isolation between populations. These
methods calculate genetic differences from allele-frequency estimates and may use one or more
of several genetic distance measures. It is unclear if one method is always superior to the others
as each method has its own inherent strengths and weaknesses. There are severa technical
papers available that discuss the different approaches (Nel 1978; Hillis et a 1996; and Rogers
1991). A method commonly employed is to place genetic data from stocks on a chart, called a
dendogram, which resembles a branching family tree. This method of viewing genetic data
suggests similarities and differences between groups or samples. A typical dendogram can be
found in Figure Gen-1.
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Figure Gen-1. Dendogram Resulting from Cluster Analysis among Puget Sound Chinook Populations
(Source: Marshall 1995).
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NATIONAL MARINE FISHERIES SERVICE

The Endangered Species Act allows the listing of “distinct population segments’. The National
Marine Fisheries Service (NMFS) has developed a policy on this issue for anadromous Pacific
salmonids that considers a population distinct if it represents an Evolutionary Significant Unit
(ESU). An ESU is defined as a population (or group of populations) that is reproductively
isolated from other conspecific population units, and (2) represents an important component in
the evolutionary legacy of the species. Definitions for the terms “Threatened,” “Endangered,”
“Candidate,” and “Not Warranted for Listing” are contained in the Glossary.

NMFS has used data collected by others as well as NMFS geneticists in an effort to anayze the
biochemical and molecular genetic evidence that might be used to define reproductively isolated
populations of salmonids. Through this analysis coupled with data on life-history differences
they have identified distinct population segments.

ESU STATUS

Puget Sound chinook were listed as a threatened species on March 24, 1999. The ESU included
Green River origin naturaly spawned populations. Chinook samon from the Green River
Hatchery were not included in the listing. The Puget Sound steelhead, chum and odd year pink
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salmon ESUs were determined to “Not Warrant” listing as threatened or endangered. Puget
Sound coho have been listed as a candidate species that warrants further consideration. The
Green River is not part of a sockeye salmon ESU. Actua ESU boundaries vary by species and
the details of those ESU boundaries can be found below.

WASHINGTON DEPARTMENT OF FISH AND WILDLIFE

In 1985, the Washington Department of Fish and Wildlife (WDFW) began actively
characterizing the genetic diversity among salmonid stocks in Washington state (Busack 1995).
Through the use of collected genetic data, coupled with life history traits, ecological and
physiological data, these stocks were initially described as Genetic Conservation Management
Units GCMUSs by Leider et a. (1994). The development of GCMUs was meant to paralel the
NMFES Evolutionary Significant Units (ESUs) and the Washington Department of Wildlife
(WDW) Draft Steelhead Management Plan.

Also in 1994, WDFW undertook an effort to systematically summarize and analyze the data
produced by previous efforts to document the genetic diversity of salmonid species. Through the
development of the WDFW Wild Salmonid Policy (WSP) and the 1994 effort to further analyze
previously collected data new terminology evolved. This data led to organizing stocks of salmon
into assemblages of biologically and genetically similar groups called Genetic Diversity Units
(GDUSs). In most cases, GDUs are grouped into larger assemblages called Mgor Ancestra
Lineages (MALS) (Marshall et al. 1995). Given that much of the genetic data used in the federal
ESU determination were collected and analyzed on behalf of the State of Washington (Marshall
et a. 1995), it is not surprising that the Puget Sound chinook MAL contains a group of
populations similar to the ESU grouping. The Puget Sound chinook ESU, as defined by NMFS
(Myers et a. 1998), includes all of the Puget Sound GDU’s, but also includes populations in
Strait of Juan de Fuca streams from the Elwha River east. The Strait of Juan de Fuca is a
migratory corridor for Puget Sound chinook, and appears to be a natural transition zone between
coastal and interior chinook populations.

A Genetic Diversity Unit (GDU) is defined as: “A group of genetically similar stocks that is
genetically distinct from other such groups. The stocks typically exhibit similar life histories and
occupy ecologically, geographically and geologicaly similar habitats. A GDU may consist of a
single stock” (Busack 1995).

GDUs are subdivisions of MALs and a MAL may be comprised of several GDUs. Stocks within
a GDU may be genetically similar, but are not identical. Within a GDU there may be measurable
genetic differences and low levels of natural gene flow among stocks. The reader is cautioned
that GDU designations are only an initial attempt to group current patterns of diversity seen in
these species and additional analyses may change both the groupings and terminology. Finally,
these GDU designations are a picture of what we know today and may not be representative of
what these fish looked like 150 years ago or may look like 150 years into the future.

While a GDU is based on similarities and differences currently exhibited by these fish, a Mgor
Ancestral Lineage (MAL is based on groups that are so different genetically that they are
reflective substantial reproductive isolation over extended periods of time. Busack (1995)
defined a MAL as. “A group of one or more genetic diversity units (GDUs) whose shared

WRIA 9 Habitat-limiting Factors and Reconnaissance Report—Part | Page 4-7



genetic characteristics suggest a distant common ancestry, and substantial reproductive isolation
from other MALS. Some of these groups are likely the result of colonization and diversification
preceding the last period of glaciation.”

GREEN RIVER FALL CHINOOK SALMON GENETICS
NATIONAL MARINE FISHERIES SERVICE

NMFS (Meyers 1998) determined that there are fifteen ESUs of chinook salmon in California,
Oregon, Washington and Idaho. Based in part on genetic evidence presented in Marshall et al.
(1995), the NMFS has drawn the boundaries of the Puget Sound Chinook ESU.

The Puget Sound ESU extends from the Nooksack River in the north through Puget Sound and
west into the Strait of Juan de Fuca to Elwha River. The Elwha River chinook stocks are
somewhat intermediate between Puget Sound and Coastal ESU but their marine distribution
more closely matches that of Puget Sound stocks. Spring-, summer- and fall-run chinook wild
and some hatchery stocks are included in this ESU. The proposed Puget Sound ESU for chinook
salmon is similar in geographic coverage to ESUs for steelhead but differs from that proposed
for chum, coho and odd-year pink salmon.

The naturally spawning component of the Green River chinook run contains a mixture of wild
and hatchery chinook. The major question pertaining to the status of Green River chinook is the
contribution of hatchery chinook to the natural escapement. Draft run-reconstruction information
for the years 1989 — 1997 inclusive indicates approximately 56 percent (range: 25 to 83 percent)
of the natural escapement in the mainstem Green River of being from hatchery reared and
released fish (Cross, pers. comm.1999). It is not possible to determine to what extent the
remaining approximate 40 percent of the mainstem Green River escapement has its ancestry
from hatchery origin fish that have spawned for one or more generations in the wild. For the
same time period, in Newaukum Creek, the origin of adult chinook is approximately 45 percent
(range: 15 to 79 percent) of hatchery origin (Cross, pers. comm.1999).. Additionally, draft data,
for the same time period, indicates approximately 39 percent (range: 1 to 76 percent) of the adult
chinook returning to the hatchery rack are progeny of natural spawning adults. Newaukum and
Soos Creek data is probably quite reliable since sampling rates are relatively high (30 percent
and 98 percent respectively) (Cross, pers. comm.1999). The Green River mainstem sampling rate
was roughly 4 percent due to difficulties in locating samples in the large river and is probably
less reliable. Sampling efforts in the mainstem Green River were increased beginning in 1998
but the data has not yet been analyzed. Additional details surrounding this issue were addressed
previously in Chapter 4.

The Green River chinook salmon belong to a group of Puget Sound spawning populations that
are genetically distinguishable from other chinook populations outside the region (Utter et al.
1989). In two subsequent studies (Marshall et al. 1995, Myers et a. 1998), the chinook
populations of Puget Sound were also identified as being more similar to one another than to
populations outside the region, based on comparisons of genetic characters. Among chinook
outside the Puget Sound region, populations in southern British Columbia, Canada are
genetically most closely related. The exact geographic boundaries of Puget Sound chinook, as
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drawn on the basis of genetic evidence, differ somewhat among sources. Based in part on genetic
evidence presented in Utter et a. (1989) and in Marshall et a. (1995), NMFS has drawn the
boundaries of the Puget Sound Chinook ESU at the eastern Strait of Juan de Fuca, including the
Elwha River, to the Canadian border, including the Nooksack River (Myers et al. 1998). It
should be noted that genetic data for naturally spawning Green River chinook was lacking from
the federal analyses, which included Green River (Soos Creek) hatchery stock data collected
between 1981 and 1990. A genetic baseline on Green River natural spawners from Newaukum
Creek is avallable (Marshall et al. 1995). ). Genetic data from chinook in Newaukum Creek
indicates that there is no significant difference between chinook spawning naturaly in
Newaukum Creek and chinook from the Soos Creek Hatchery Rack (Marshall 1995).

Green River natura chinook are included in the Puget Sound ESU.
WASHINGTON DEPARTMENT OF FISH AND WILDLIFE

In addition to the ESU, the Green River chinook stock also appears in another system of salmon
stock classification based largely on genetic data. WDFW has organized chinook into geographic
assemblages of genetically similar groups known as Genetic Diversity Units (GDU’s). The Puget
Sound chinook ESU, as defined by NMFS (Myers et a. 1998), includes all of the Puget Sound
GDU’s, but it also includes the Strait of Juan de Fuca streams from the Elwha River east. The
Strait of Juan de Fuca, which serves as a migratory conduit between these two geographic
regions, is a natural zone of transition between coastal ocean and interior Puget Sound chinook
populations.

Puget Sound has five GDUs encompassing wild and hatchery populations:

South Puget Sound, Hood Canal and Snohomish Summer + Fall, (fall chinook in the
Skagit, Nooksack and Samish hatcheries are included) chinook;

South Puget Sound Spring (White River) chinook;

Stillaguamish and Skagit (Skagit wild spring, summer, fall and hatchery springs, and all
Stillaguamish) chinook;

South Fork Nooksack Spring chinook; and
North Fork Nooksack Spring chinook.

Green River chinook are included in the first of these GDU'’s, and transfers of Green River stock
to other watersheds have helped to determine the geographic localities of this GDU.

NATURAL GREEN RIVER CHINOOK IN RELATION TO OTHER CHINOOK STOCKS

The Green River fall chinook reside at the geographic center of their ESU/MAL, and they are
genetically very similar to a number of hatchery and naturally spawning stocks distributed
throughout Puget Sound. For example, natural spawning populations genetically closely related
to the Green River Hatchery chinook are found in the Skykomish River (summer), Brida Veil
Creek (summer), Wallace, Sultan and Snoqualmie rivers (fall), and South Prairie Creek in the
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Puyallup River (fall) (Myers et al. 1998). However, these samples include hatchery strays and
when those fish are removed from the sample, the Snohomish chinook (Sultan River,
Snoqualmie River, and Bridal Vel Creek) stocks are significantly different (Smith pers. comm.
1999). Historicaly, Puget Sound hatchery stocks apparently derived from the Green River
Hatchery stock were found at the Skagit Hatchery (summer and fall), Skykomish Hatchery (fall),
the Deschutes Hatchery (fall), and the Hoodsport Hatchery (fall) based on the data presented in
Meyers et al. (1998). Snohomish Hatchery fall chinook stocks were also founded with Green
River Hatchery stock, however stocks of Green River Hatchery origin are no longer released
from the Skagit and Snohomish hatcheries into their respective basins. In the WDFW studies,
genetic baselines for the Green River natural and hatchery populations were closely related to
Skykomish hatchery, Issaquah hatchery, Hood Canal hatchery, Puyallup natural and hatchery,
and Deschutes hatchery (Marshall et al. 1995).

It is noteworthy that the Green River hatchery stock has played a role in the geographic
distribution of the GDU’s. The geographic boundaries of Puget Sound GDUs are overlapping.
Populations in a GDU may be found in relatively diverse localities due, at least in some cases, to
past and current transfers of fish among hatcheries. For example, the northern Puget Sound fall
chinook in the Skagit, Nooksack and Samish hatcheries are part of the South Puget Sound, Hood
Cana and Snohomish Summer and Fall chinook GDU due to the influence of Green River
chinook (Marshall et al. 1995). Twenty hatcheries throughout Puget Sound regularly release
Green River origin chinook, according to Marshall et al. (1995). As of 1998 operations, direct
transfers of Green River hatchery chinook are more limited, as hatchery programs rely more on
local stocks (Kimbel 1999).

It is also noteworthy that the reverse has not been the case. There have not been significant
transfers of chinook stocks into the Green River from outside the ESU.

POSSIBLE CHANGES IN A GENETICALLY HERITABLE CHARACTER

The geographic boundaries of the ESU/MAL and the content of the GDU’s were determined in
part by analyzing a combination of heritable characters. Reproductive isolation is studied by
using heritable characters not thought to be subject to natura selection, such as frequencies of
neutral genes determined from analysis of tissue protein variants (allozymes), mitochondrial
DNA and microsatellite loci (Myers et al. 1998). Differences in heritable physical characters
subject to natural selection, such as size at age, timing of adult migrations and spawn timing, are
less useful for identifying reproductive isolation. Nonetheless, changes in these heritable
physical characters through time and within a population are useful indicators of changes in the
genetic character of the population.

Data were available to study changes in timing of arrival at the Soos Creek hatchery rack for
Green River chinook. Timing of rack returns was studied by testing annual mean date of rack
return at Soos Creek hatchery for significant linear trend. A significant negative slope indicates
the timing is probably getting earlier, and a significant positive slope indicates timing is probably
becoming later. Mean date of annual rack returns from 1960 to 1997 varied from September 23
to October 13, with a grand mean of October 4. There was a small but statistically significant
(p < 0.05) negative slope on the regression of mean date of annual rack return on year. The
timing of rack returns of chinook to the Soos Creek hatchery rack became about one week earlier
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over a 38-year period. A limitation of this analysisis that the rack return data were summed on a
weekly basis, so there is a measurement error of plus or minus one week. A change of aweek or
less could be due to measurement error, even though the time trend in date of rack return was
statistically significant. These results indicate that an analysis of daily rack return data should be
conducted, if these data can be found.

It is possible that timing of rack return for Soos Creek hatchery chinook has become earlier over
the past 38 years. Annual mean dates of rack return later than October 4 are much less (three
times) common in the past 10 years (1988 — 1997) than in the first 10 years (eight times) (1960 —
1969). This change coincides with changes in hatchery operational procedures that were initiated
as a result of concerns expressed over genetic changes. One of the first guidance documents for
WDWF hatchery genetics was published during the early 1980s (Hershberger and Iwamoto,
undated). Spawning guidelines were provided to al Washington Department of Fisheries
hatchery programs in 1983 (Seidel 1983). Both of these resulted in significant operational
changes to hatchery spawning techniques that were intended to minimize any alteration to run
timing. Additional factors such as water flow in Soos Creek, harvest patterns and changes in
ocean rearing conditions could factor into this observation. However, should the differences in
timing be real, this would indicate a change in the gene frequencies in the hatchery population
over time.

GREEN RIVER CHUM SALMON GENETICS
NATIONAL MARINE FISHERIES SERVICE

Based in part on genetic evidence presented in Phelps et a (1995), the National Marine Fisheries
Service (NMFS) has drawn the boundaries of the Puget Sound Chum Evolutionarily Significant
Unit (ESU). NMFS (Johnson 1997) determined that there are two major genetic groups of chum
salmon in central and southern British Columbia, Washington and Oregon. The smaller of these
two groups consists of summer-run chum salmon in Hood Canal and the Strait of Juan de Fuca.
The second, and much larger group, consists of fall-, winter- and summer-run chum salmon in
other areas of British Columbia, Washington and Oregon. This last group was further divided
into: 1) coastal populations along the outer coast of Washington and Oregon, and 2) the
remaining populations in British Columbia and Washington. Green River fall-run chum salmon
arein thislast category.

The proposed Puget Sound/Strait of Georgia ESU for chum salmon is similar in geographic
coverage to ESUs for coho and odd-year pink salmon but differs for chinook and steelhead.

WASHINGTON DEPARTMENT OF FISH AND WILDLIFE

The Washington Department of Fish and Wildlife (WDFW) places Green River chum salmon in
a group of Puget Sound spawning populations that are genetically similar to other chum
populations of central Puget Sound chum salmon (Phelps et a. 1995). The origin of portions of
the Green River chum salmon is believed to be the result of transfers of Cowling Creek Tribal
Hatchery (eastern Kitsap Peninsula) chum salmon (Phelps et al. 1995) into the Green River in an
effort to establish chum runs in this system. This was one factor that influenced Phelps et a
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(1995) to place Green River chum into the same Genetic Diversity Unit (GDU) with eastern
Kitsap Peninsula chum.

One method by which chum salmon populations may be separated into GDU'’s is to examine
differences in life histories. Life histories include geographic distribution of migration routes,
timing of adult entry into freshwater, body size, coloration and time to maturation. Habitat
differences include natal river origin (e.g., glacia vs. non-glacial), stream gradient, stream
elevation and size of estuaries. Generally, these criteria can contribute to or reflect isolation
between stocks or groups of stocks of salmon. Data has been collected on body size but they
have not yet been analyzed for regional or stock differences.

The Puget Sound Region is separated into four major areas (Phelps et al. 1995):
North Puget Sound (the Snohomish, Stillaguamish, Skagit and Nooksack rivers);

South Puget Sound (the Puyallup and Nisqually rivers and independent tributaries of the
southern Puget Sound inlets);

Hood Canal (the Dosewallips, Duckabush and Hamma Hammarivers); and
Strait of Juan de Fuca (the Dungeness and Elwharivers).

The chum salmon that enter the Green River are part of the South Puget Sound area (Phelps et al.
1995). They are further separated into two stocks (SASSI 1992); Green River fall-run chum and
Crigp Creek (also referred to as Keta Creek) fall-run chum salmon. The origin of Green River
fall-run chum is an East Kitsap/wild remnant mix, while the Keta Creek fall-run stock is of East
Kitsap (Cowling Creek broodstock whose origin is from Chico Creek) origin (Dorn pers. comm.
1999).

Chum salmon spawning ground survey data from the Green River are limited. However, these
data indicate that the Green River chum are fall spawners, spawn in mainstem side-channel and
tributary habitats (SASSI 1992 and WDFW Spawning Ground Survey Database), share similar
adult entry to freshwater timing and time of maturation to stocks on the eastern side of the Kitsap
Peninsula. They are separated from chum found on the eastern side of the Kitsap Peninsula by
the width of Puget Sound between Bainbridge Island and Elliot Bay. Because of the separation
across Puget Sound, it seems unlikely that there is significant opportunity for substantial
interchange of spawners. Chum salmon in South Puget Sound inlets exhibit straying between
tributaries of an inlet but the exchange of spawners between inlets does not happen to the same
degree (Phelps et al. 1995).

Another method by which chum salmon may be placed in GDU'’s is based largely on genetic
data. WDFW (Phelps et al. 1995) has organized chum salmon into geographic assemblages of
genetically smilar groups known as GDU'’s.

Puget Sound has five chum salmon GDU’ s encompassing wild and hatchery populations (Phelps
et a. 1995):

North Puget Sound fall-run GDU,;
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Nooksack, Skagit, Stillaguamish and Snohomish rivers and smaller independent tributaries
flowing into mgjor bays,

Central/South Puget Sound summer-run GDU;
Smaller independent tributaries to Puget Sound;
Central/South Puget Sound fall-run GDU

Duwamish/Green River, Puyalup/White (excluding Keta Creek) rivers and smal
independent tributaries to Puget Sound;

South Puget Sound winter-run GDU,;

Nisqually River and independent tributariesin WRIA 11,
Hood Candl fall-run GDU; and

All Hood Canal streams.

While the available biological data indicates that Green River and central Puget Sound streams
of the Kitsap Peninsula should be a distinct GDU, the genetic differences between these streams
was small. Based on the genetic similarities, the Green River chum are included in the
Central/South Puget Sound fall-run GDU.

GREEN RIVER COHO SALMON GENETICS
NATIONAL MARINE FISHERIES SERVICE

The National Marine Fisheries Service (NMFS) has drawn the boundaries of the Puget Sound
Coho Evolutionarily Significant Unit (ESU) based in part on genetic data and on life
history/ecological differences. NMFS (Weitkamp 1995) determined that there are six major
genetic groups of coho salmon for the west coast of North America. The Puget Sound/Strait of
Georgia ESU includes the drainages of Puget Sound, Hood Canal, the eastern Olympic Peninsula
(east of Salt Creek) and portions of British Columbia. Green River coho salmon are in this ESU.

NMFES technical staff have collected alozyme data over a 10 year period from over 100 salmon
samples to form the basis of Genetic Stock Identification (GSI) studies. Samples from the Green
River Hatchery on Soos Creek were collected in 1982 and again in 1992. The analysis of this
data yielded seven major “clusters’ that were largely distinct geographicaly (Weitkamp 1995).
One cluster included all coho populations of Puget Sound and British Columbia (except for two
Fraser River samples and one sample from the Big Qualicum Hatchery).

The proposed Puget Sound/Strait of Georgia ESU for coho salmon is similar in geographic
coverage to ESUs for chum and odd-year pink salmon but differs for chinook and steelhead.
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WASHINGTON DEPARTMENT OF FISH AND WILDLIFE

The Washington Department of Fish and Wildlife (WDFW) has not scrutinized coho populations
in Puget Sound to the same level as chinook or chum salmon. In the south and mid Puget Sound
river systems, coho are generally managed for hatchery rather than natural production. The
Green River receives substantial releases of hatchery origin coho annually. The release of
yearling coho started in the 1950's and continues today. Regular releases of fingerlings occurred
from 1952 to 1962 and from the mid 1970’ s until 1997. Releases of juvenile coho occur onsite at
the Soos Creek Hatchery and offsite in various tributary streams both above and below Howard
Hanson Dam. The exchange of genetic material between these hatchery-released coho and wild
Green River coho is unknown. At present there is no effective genetic research tool for these fish

One method by which coho salmon populations may be separated is to examine differences in
life histories. Life histories include geographic distribution of migration routes, timing of adult
entry into freshwater, body size, coloration and time to maturation. Habitat differences include
natal river origin (e.g., glacia vs. non-glacial), stream gradient, stream elevation and size of
estuaries. Generally, these criteria can contribute to or reflect isolation between stocks or groups
of stocks of saimon. Data has been collected on body size but they have not yet been anayzed
for regional or stock differences.

The coho salmon that enter the Green River Basin are separated into two stocks (SASSI 1992),
Green River coho and Newaukum Creek coho. Of particular interest is that significant
differences exist in spawn timing between these stocks that might be indicative of genetic
differences. Coho returning to the Green River typicaly spawn to mid-November. Newaukum
Creek coho may spawn into mid-January (SASSI 1992 and WDFW Spawning Ground Survey
Database).

As of the date of thiswriting an analysis for coho salmon populations has not been compl eted.

GREEN RIVER STEELHEAD GENETICS
NATIONAL MARINE FISHERIES SERVICE

NMFS (Busby 1996) determined that there are fifteen ESUs of west coast steelhead in
California, Oregon, Washington and ldaho. Past steelhead genetic studies (Allendorf 1975;
Allendorf and Utter 1979; Utter et al. 1980; Parkinson 1984) had identified two major groups
along the west coast of North America. They were referred to as the coastal and inland forms.
The ESUs identified by NMFS (Busby 1996) includes 12 for coastal steelhead and 3 for inland
forms. Summer and winter steelhead were included in the NMFS status review of west coast
steelhead (Busby 1996).

The NMFS boundaries for the Puget Sound steelhead ESU is based in part on genetic data and
on life history/ecological differences. The Puget Sound ESU extends from the Nooksack River in
the north through Puget Sound and west into the Strait of Juan de Fuca to Elwha River and is
similar to that of chinook. The ESU includes populations of both winter- and summer-run
steelhead.
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There is very little information regarding the abundance of naturally produced summer-run
steelhead in the Green River basin. While their numbers historically have been small, they
represent a substantialy different life history strategy from that exhibited by winter-run
steelhead.

Green River wild winter-run steelhead are included in the Puget Sound steelhead ESU.
WASHINGTON DEPARTMENT OF FISH AND WILDLIFE

WDFW has not separated steelhead stocks into the same types of units that salmon are grouped
into. This is due in part that in Washington State, Pacific salmon have been studied in greater
detail than steelhead.

Phelps (1994) first reported the genetic inventory and analysis of Puget Sound steelhead stocks.
That study focused on four stocks identified as critical or depressed (SASSI 1992) or for which
special concerns had been identified.

There are a number of methods (Cavalli-Sforza and Edwards 1967; Nei 1978; and Saitou and
Ne 1987) by which genetic differences among populations may be graphically visualized. These
methods utilize different statistical analyses in which estimates of genetic distance can be
displayed. Phelps (1994) found that at the first level of analysis there are three main “clusters’ of
steelhead stocks in Washington. This result was consistent with findings from earlier studies
(Allendorf 1975; Schreck et al. 1986).
Additional analyses, based on differences through genetic analysis and displayed differently by
Phelps (1994) found up to six major “clusters’ of steelhead stocks in Washington state. These
clusters consisted of:

Hatchery-run strains;

Wild Puget Sound winter-run;

Western Washington hatchery and wild summer-run;

Wind and Washougal rivers stocks;

Big White Salmon and Klickitat rivers stocks; and

Satus Creek and Wells Hatchery stocks.

The Green River wild stock was identified as being a portion of the wild Puget Sound winter-run
(#2) cluster.
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GREEN RIVER SOCKEYE GENETICS
NATIONAL MARINE FISHERIES SERVICE

NMFS (Gustafson 1997) summarized the presence of riverine origin spawning sockeye at severd
locations in the Green River and other river systems in western Washington. The Biological
Review Team convened by NMFS to assess sockeye ESUs concluded that the evidence was
insufficient to determine whether sockeye salmon observed spawning in rivers, including the
Green River, without lake-rearing habitats were distinct populations. The status of these
popul ations was determined to be “Uncertain” (Gustafson 1997).

Note: A single juvenile sockeye has been reported captured in the middle Green River in 1998
(Hickey pers. comm.).

WASHINGTON DEPARTMENT OF FISH AND WILDLIFE

The natural resource co-managers do not manage sockeye salmon, in the Green River, as a
viable, self-sustaining population. There is the genera perception that in years of sockeye
abundance in the Lake Washington Basin, there are more sockeye observed in neighboring river
systems.

WDFW has not initiated a genetic review of sockeye in the Green River.

GREEN RIVER BULL TROUT GENETICS
U.S. FISH AND WILDLIFE SERVICE

The U.S. Fish and Wildlife Service includes the Green River basin inside the present geographic
range of bull trout in the contiguous United States. There has not been any data collected by
which to genetically characterize bull trout in this basin.

WASHINGTON DEPARTMENT OF FISH AND WILDLIFE

Information on the presence, abundance, distribution, utilization and life history of bull trout in
the Green River basin is either unavailable or extremely limited. Mongillo (1993) suggested the
need for additional data collections. Investigations (Watson and Toth 1994, Tacoma Water HCP
1999 Draft) have not provided any evidence of bull trout spawning in the Green River Basin.

Two bull trout are reported to have been recovered in the lower river. A single bull trout was
reported captured at the Soos Creek Hatchery rack in the 1956 (Beak 1996). There is no
supporting data regarding this reported individual fish. This information is attributed to a
personnel communication from Fred Goetz (1994).

An adult bull trout was captured by the Muckleshoot Indian Tribe at approximately RM 5 during
juvenile beach seining sampling efforts in 1994 (R. Malcom. pers comm. 1999). This later fish
was analyzed by the University of Washington and confirmed to be a bull trout. It is uncertain if
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these fish were of Green River basin origin, were of non-Green River Basin fish temporarily
rearing in the Green River Basin, or were strays attempting to recolonize the basin.

No genetic samples have been obtained from this basin and the stock status can only be
described as unknown. Field studies by which scientists could characterize or assess bull trout
populations in the Green River basin are lacking or unavailable.

Mongillo (1993) suggested the need for additional data collections

GREEN RIVER COASTAL CUTTHROAT GENETICS
NATIONAL MARINE FISHERIES SERVICE

NMFS includes the Green River basin inside the present geographic range of coastal cutthroat.
This geographical range corresponds roughly with the Puget Lowland ecoregion. This region
includes al streams in Puget Sound and the Strait of Juan de Fuca west to the Elwha River
inclusive. A northern boundary is unclear but unpublished data lend support to the hypothesis
that it would extend into southern British Columbia (Johnson 1999). These southern and western
boundaries are similar to those for chinook, coho, chum and pink salmon and steelhead. The
northern boundary differs from the one for chinook, coho, pink and chum salmon.

The NMFS Biological Review Team (BRT) was unable to reach consensus on the risk for
extinction of this ESU. A magjority believed that the Puget Sound ESU is not presently in danger
of extinction nor is it likely to be in the foreseeable future. A minority believed that the ESU is
likely to become endangered in the foreseeable future.

WASHINGTON DEPARTMENT OF FISH AND WILDLIFE

Coastal cutthroat trout are managed under a species complex scenario by WDFW. Thisis at least
in part due to multiple interacting life history trgectories. Cutthroat are found in most fish
bearing waters of the Green River basin from high mountain streams downstream to estuarine
habitats. Resident and anadromous forms are both found in the Green River basin.

Anadromous cutthroat trout have a freshwater life history similar to steelhead. Typically,
anadromous cutthroat trout smolt at two years of age and migrate in the spring into the estuary
and marine near-shore habitats. These anadromous cutthroat trout may move up rivers with daily
tidal fluctuations to opportunistically feed. Their ability to physiologically handle transitions
between salt water and freshwater during this life phase is unique to cutthroat. Remaining in the
saltwater environment for two years, these fish again migrate into their natal stream to spawn.
Spawning typically occurs from January through June in small headwater streams. First time
spawners typically deposit approximately 700 eggs into small gravels for incubation. Adults then
return to nearshore habitats to rear again and have been known to spawn up to five times. The
repeat spawners are critical to reproductive success of the species as they produce larger and
more numerous eggs (Peoples 1988). These repeat spawners also provide for the exchange of
genetic material between brood years.
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The genetic picture for coastal cutthroat is somewhat unclear at this time. There is evidence that
suggests populations are based on geographic proximity and that the Green River population is

part of a larger Puget Sound population similar to what NMFS has suggested as their ESU
definition.

LIST OF FIGURES
Table Gen-1. Summary of stock status, stock history and ESA status.

Figure Gen-1. Dendogram resulting from cluster analysis among Puget Sound chinook
populations.
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1.1. Land Use: Shaping the Landscape of the Watershed
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1.1. Land Use: Shaping the Landscape of the Watershed

EXECUTIVE SUMMARY

An understanding of the landscape as influenced by human activities is essential to providing a full
picture of WRIA 9 (Green/Duwamish River Watershed). Land use activities from forestry to
agriculture to urbanization have shaped the landscape of WRIA 9 for the past 150 years. This
report discusses how human land use activities can influence watershed processes and salmon
habitat, provides information about the historical and current land uses in the watershed, and
notes the policies that have shaped and continue to shape the watershed' s land use and land cover.

Over the past 20 years, a significant amount of research has been done in the Pacific Northwest
and the Puget Sound area regarding the impacts on streams and wetlands by various land use
practices. Human activities such as forestry, agriculture, urbanization, and mining can drastically
disrupt aquatic ecosystems by altering watershed ecological processes either directly or indirectly.
Disruptions can include degradation or destruction of in-stream habitat through clearing of
riparian vegetation, channelization and bank armoring, barriers to salmonids by dams or other
water diversions, increased peak runoff rates and volume of surface water runoff, and removal of
wood and reduction of wood recruitment. All of these activities in turn impact hydrology, water
quality, riparian functions, and other factors of decline.

WRIA 9 was one of the first areas of Puget Sound extensively settled by immigrants in the late
18" century. As the Native American populations declined, the settlers began to occupy the
vacated lands. The settlers employed various methods and policies to gain economic benefit from
the land. The 19" century and the early 20" century brought land clearing for agriculture,
commercial forestry, channelization for navigational purposes, diverson of major
Green/Duwamish tributaries to reduce flooding, and filling of tidelands for development. Various
federal, state, and local policies allowed and even encouraged these activities to occur.

During the middle of the 20™ century, economic development fostered leveeing and damming to
reduce flooding, road building and transportation infrastructure construction, and industrial,
commercial, and residential development. Again, federal, state, and local policies encouraged this
type of development. During the last 30 years of the 20™ century, government agencies and the
public began to support environmental protection measures and growth management. The federal
government passed environmenta legidation to protect undeveloped land, wetlands, shorelines,
and endangered species habitat. State and local government began to embrace policies to manage
development growth, protect shorelines, protect undeveloped land, protect wetlands, and protect
farmlands. The effectiveness of these policies varies due to a variety of constraints including
overlapping and conflicting regulatory goals.

Today, 97 percent of the Green/Duwamish River estuary has been filled, 70 percent of the area of
the former Green/Duwamish River Watershed has been diverted out of the drainage basin, and
about 90 percent of the once-extensive floodplain of the Green/Duwamish River is no longer
inundated on aregular basis (Fuerstenberg, 1999).
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The land area of WRIA 9 is 568 square mile area. Thirty percent of the WRIA is within the Urban
Growth Area (UGA). The land in the Upper Green River Sub-watershed is primarily managed
forest. The Middle Green River Sub-watershed is primarily farmland and a mix of urban and rural
residential. The Lower Green River Sub-watershed contains less farmland and is urban in nature.
The Duwamish Estuary Sub-watershed is predominantly urban residential, commercia, and
industrial. Nearly all the Nearshore Sub-watershed is also urban residential while the VVashon Sub-
watershed isrural residential.

Population has increased dramatically since the beginning of the 19" century. In the early 20"
century, the region experienced a dramatic increase in population predominantly in the urban
areas such as Seattle and the other watershed cities. As the Puget Sound population centers
continued to expand through the 1970s, 1980s, and 1990s, WRIA 9 has experienced increasing
urbanization throughout its UGA. In 1999, population in WRIA 9 was estimated at 563,980
(adapted from PSRC data, 2000). About 89 percent live in the UGA and 11 percent live in the
Rural Areaor Resource Lands.

KEY FINDINGS

Effects of land use on habitat range from elimination of habitat to degradation of habitat
quality to mitigation for environmental damages under existing regulations.

Historicaly, local, state, and federal policies have greatly influenced the amount and type of
land use that has occurred in WRIA 9:

- By theearly part of the twentieth century, the region and state planned to develop the
Duwamish River and Lower Green into the main industrial areain the county and Puget
Sound region.

- For the first 120 years of settlement, economic development was the predominant
driver of growth and development.

- For thelast 30 years, development has occurred under an increasing number of
environmental protection policies and growth management policies.

- Specific actions were taken over many years to enable economic growth and develop
natural resource industries.

- Many policies have been established in the last 30 years that require sound planning and
development at both the regional and local level.

- Meeting multiple objectives for the Growth Management Act, the Endangered Species
Act, and other complex regulations creates a challenging, overlapping framework for
regulations and protections.

The seven years from 1910 to 1916 saw the most dramatic hydrologic change. During this
time period, 70 percent of the acreage of the Green/Duwamish Watershed was diverted
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away from the origina Green/Duwamish River and a dam was constructed that blocked
fish access to 45 percent of the remainder.

Growth management is having a significant influence on directing growth to the Urban
Growth Area (UGA) and reducing sprawl. However, as population increases, there is a
corresponding increase in the amount of developed land:

- Growth indicators suggest that the UGA is large enough to accommodate projected
growth through 2012.

- Eighty nine percent of the population of WRIA 9 is concentrated in the UGA.
- Thirty percent of WRIA 9 sland areais within the UGA.

Most of the urban land uses are located in the western third of the WRIA while the middle
and upper portions of the WRIA are primarily rural and natural resource lands:

- Forestry isthe primary designated land use at 99 percent in the Upper Green River sub-
watershed.

- Residential development (50 percent ), forestry (27 percent ) and agriculture (12
percent ) are the primary land uses in the Middle Green River sub-watershed.

- Residential development (50 percent ), industrial development (17 percent ), and
commercial development (10 percent ) are the primary uses in the Lower Green River
sub-watershed.

- Industria development (43 percent ) and residential development (39 percent ) are the
primary designated land uses in the Green/Duwamish Estuary Sub-watershed.

- Residential development (68 percent ) and industrial development (10 percent ) are the
primary designated land use in the Nearshore Sub-watershed.

- Residentia development at 92 percent is the primary designated land use in the
Vashon-Maury Island Sub-watershed.

Population growth has been a driving factor for the rapid development rates in the
watershed:

- Before 1996, the mgjority of jurisdictions in WRIA 9 were experiencing a 1 percent per
year or higher population growth rate.

- Population growth has slowed since 1997 to less than 1 percent per year overal in King
County.

- Every 1 percent increase in population growth corresponds with a 2 percent or higher
increase in developed land during the 1990s.
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DATA GAPS

Land use information currently available presents certain challenges. The information is not
currently organized by watershed boundaries. Although a great deal has been written regarding
land use and its effect on salmonids, there has not yet been a close look at local regulations and
the subsequent effects on salmonid habitat. Below are the identified land use data gaps:

Prepare land development and demographic information for King County by boundaries of
the Water Resource Inventory Areas, sub-watersheds, and basins.

Inventory permitting and regulatory processes (SEPA and Shoreline review, permit review,
sensitive area review, ordinance and regulatory review) throughout the WRIA. Assess the
biological implications of various land use activities, regulations, and policies.

Inventory impervious surface areas (location and amount), road densities, and forest cover
retention at a sub-watershed or smaller scale.

EFFECTS OF LAND USE ACTIVITIES

Over the past 20 years, a significant amount of research has been done in the Pacific Northwest
and the Puget Sound area regarding the impacts on streams and wetlands by various land use
practices. Human activities such as forestry, agriculture, urbanization, and mining can drastically
disrupt aquatic ecosystems by altering watershed ecological processes either directly or indirectly.
Disruptions can include degradation or destruction of in-stream habitat through clearing of
riparian vegetation, channelization and bank armoring, barriers to salmonids by dams or other
water diversions, increased peak runoff rates and volume of surface water runoff, and removal of
wood and reduction of wood recruitment. All of these activities in turn impact hydrology, water
quality, riparian functions, and other factors of decline.

Below in table LU-1 is an overview and summary of possible impacts to the natural aguatic
system due to human uses. Each of the individual factor of decline reports conducted for the
WRIA 9 Reconnaissance Assessment discusses these impacts in more detail. For example, the
hydrology chapter discusses impacts of dams, increased storm and surface water runoff, and water
use on the natural flow regime; the hydromodifications chapter illustrates loss of salmon habitat
due to human influenced changes to the river channel; and the sediment transport chapter
highlights increased erosion and sedimentation as a result of forestry practices.
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Table LU-1. Overview of Possible Impacts of Human Land Use to Natural Aquatic Systems (adapted from
Tri-County Urban Issues Study, R2 Resource Consultants, 1999).

Land Use and Human Activities

Potential Result and Impact of Salmon Habitat

Channelization and confinement of
stream channels for urban and rural
land uses

Reduced channel complexity; increased velocities; loss of pools for holding
and rearing; loss of spawning gravel habitat; loss of side channels; loss of
wood recruitment; loss of connectivity with flood plain and riparian zone
(reduced quality and quantity of habitat)

Loss of riparian vegetation due to
urbanization, mining, forestry,
agriculture, etc.

Reduced overhanging vegetation and shade cover; increased solar
radiation; elevated water temperatures; loss of LWD recruitment; reduced
terrestrial insect influx; reduced leaf litter influx; alteration of energy cycle
(reduced quality and quantity of habitat)

Loss of forested areas due to
urbanization, mining, forestry,
agriculture, etc.

Reduced effective watershed area; altered runoff cycle with altered timing
and magnitude of flows; increased erosion; changed channel morphology
(reduced quality and quantity of habitat)

Loss of wetlands due to
urbanization, mining, forestry,
agriculture, etc.

Altered runoff cycle with altered timing and magnitude of flows; reduced
base flows; changed channel morphology and loss of connectivity with
floodplain (reduced quality and quantity of habitat)

Creation of impervious surfaces

Altered runoff cycle with altered timing and magnitude of flows; changed
channel morphology; degraded water quality increased stormwater runoff
(reduced quality and quantity of habitat)

Water allocation

Altered flow regime; altered instream habitat availability (reduced quality
and quantity of habitat)

Waste water treatment effluent

Degraded water quality related to sewage effluent; altered water
temperatures; reduced dissolved oxygen concentrations; released
contaminants (reduced quality and quantity of habitat)

Industrial effluent

Degraded water quality; released contaminants and toxins (reduced quality
and quantity of habitat)

Culverts, pipes, ditches

Obstructed upstream passage; reduced downstream movement of wood
and gravel; stranded fish in ditches (reduced quality and quantity of
habitat)

Loss of estuarine and nearshore
habitats; port development

Loss of important freshwater to saltwater transition habitats, including cover
and food production for smolts; loss of staging and holding habitats for adult
salmon; degraded water quality (reduced quality and quantity of habitat)

Bulkhead and dock construction

Increased habitat for predators (e.g., bass); altered nearshore currents and
gravel movement; loss of eelgrass habitat (increased interaction with
predators; reduced quality and quantity of habitat)

Erosion and sedimentation

Increased turbidity and inputs of fine sediment during construction and prior
to revegetation (reduced quality and quantity of habitat)

Water related recreational activities

Increased potential direct contact with ESA-listed salmon; degraded water
quality (e.g., fuel spills) (reduced quality and quantity of habitat)

Fertilizer and pesticide use*

Degraded water quality and increased toxicity; biological degradation
(reduced quality and quantity of habitat)

Dams*

Loss of upstream habitat due to obstructed upstream passage; altered
timing and magnitude of flows; reduced base flows; changed channel
morphology; reduced downstream movement of wood and gravel; and loss
of connectivity with floodplain. (reduced quality and quantity of habitat)

* Information taken from “An Ecosystem Approach to Salmonid Conservation” (Spence et. al., 1996)
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With over 400 reports and studies looking at impacts of land use on habitat, a thorough review of
all the literature covering human impacts on natural systems is beyond the scope of this chapter.
Initial studies on effects of urbanization on the aguatic system in the Northwest focused on the
impacts of urbanization on peak-flow increases. In 1975, Hollis synthesized separate studies to
show how the dual factors of percent impervious surfaces and percent of a watershed in storm
sawers increased the peak discharges of floods. Then in 1979, Klein published the first study
correlating development and aguatic-system conditions in which he reported a rapid decline in
biotic diversity where watershed imperviousness exceeded 10 percent (Booth, 2000).

Subsequent studies and models on the subject done throughout the 1980s and 1990s built upon
this initial research. Results of research done to date have severa overall implications: (1)
“Imperviousness,” athough an imperfect measure of human influence, is clearly associated with
stream-system decline. A range of stream conditions, however, can be associated with any given
level of imperviousness; (2) “Thresholds of effect,” identified in some of the earlier literature (e.g.,
Klein, 1979; Booth and Reinelt, 1993 referenced in R2, 2000) exist largely as a function of
measurement precision, not necessarily as intrinsic characteristics of the system being measured.
Crude evaluation tools require that large changes accrue before they can be detected, but lower
levels of development may still have consequences that can be reveadled by other, more sensitive
methods. In particular, biological indicators demonstrate a continuum of effects resulting from
human disturbance; and (3) Hydrology is not the sole determinant of stream conditions, but its
effects are ubiquitous in urban systems (Booth, 2000).

One of the most comprehensive of the recent studies on impacts of urbanization on aquatic
systems was conducted by Chris May et a. The resulting report, titled “Quality Indices for
Urbanization Effects in Puget Sound Lowland Streams” was published in 1997 for the
Department of Ecology. The study collected and analyzed data from 22 Puget Sound lowland
streams representing a range of development intensity from predominantly rural watersheds to
watersheds that were 99 percent urban. The researchers measured stream habitat conditions,
water quality, sediment composition, sediment contamination, fish populations, and benthic
organisms a each study site and compared them to watershed conditions. The results
demonstrated that the greatest impacts of urbanization to streams typically include:

Changes in hydrology;

Changes in riparian corridor;
Changesin physica habitat; and
Water quality (R2, 2000).

The frequency, volume, and quality of large woody debris also decreased significantly as basin
development increased. In general, fine sediment in spawning gravels generally increased as
urbanization increased while intragravel dissolved oxygen decreased. The study further found that
as the level of basin development increased above 5 percent total impervious area, results
indicated an initial declinein biological integrity as well as physical habitat conditions necessary to
support natura biological diversity and complexity (May et al., 1997). One interesting finding of
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the May et al. report was that the density of the road network could be used, similarly to total
impervious area, as an indicator of impacts to stream conditions. This is primarily because of the
drainage system associated with most roads (R2, 2000).

Lessinformation is available regarding the impacts of urbanization on Puget Sound salmon habitat
in nearshore environments, estuaries, large rivers, and lakes. In genera, changes in hydrology,
pollutants, and physical habitat structure in these environments may cause ecological impacts that
are comparable to the findings from freshwater research (R2, 2000). Study results have indicated
that in the Duwamish and Puyallup estuaries, contaminant exposure in juvenile chinook was likely
from the consumption of benthic and epibenthic organisms, which inhabit the contaminated
estuarine sediments in these basins (R2, 2000). Some studies have suggested that suppressed
immune systems in young salmon could make the fish more susceptible to disease as they move
further into the marine environment (R2, 2000).

Below is a list of resources with more information on the impacts of urbanization on aguatic
systems.

The ESA Urban Issues Document Library and Database contains over 400 documents
including documents from federa, tribal, state, and local agencies, as well as scientific
articles that were published in peer-reviewed journals.

Forest Cover, Impervious Surface Area, and the Mitigation of Urbanization Impacts in
King County. (Derek Booth, Center for Urban Water Resources Management, University
of Washington, September 2000) discusses impacts from urbanization on hydrology of
aguatic systems.

Tri-County Urban Issues Study (R2 Consulting, February 2000) reviews and consolidates
existing information related to impacts of urbanization on natural aquatic systems,
summarizes current management activities to mitigate these impacts, and presents guidance
in selecting salmon recovery optionsin urban and urbanizing areas.

An Ecosystem Approach to Salmonid Conservation (Brian C. Spence et a., December
1996) provides a technical basis for implementation of an ecosystem approach to habitat
conservation planning. Chapter 6 discusses effects of human activities on watershed
processes, salmonids, and their habitats.

Quality Indices for Urbanization Effects in Puget Sound Lowland Streams (Chris May et
al., June 1997) reports on a study of instream habitat, riparian conditions, water quality,
and biological attributes of 22 streams to determine the relationships between urbanization
and stream quality.

Factors Affecting Chinook Populations (Parametrix, June 2000) is a “snapshot” of what is
currently known about how development in the City of Seattle has affected chinook
salmon.

Page 1.1-8 WRIA 9 Habitat-limiting Factors and Reconnaissance Report—Part Il



HISTORIC POLICY CONTEXT AND LAND USE EVENTS

WRIA 9 was one of the first areas of Puget Sound extensively settled by immigrants. Today, 97
percent of the Green/Duwamish River estuary has been filled, 70 percent of the area of the former
Green/Duwamish River Watershed has been diverted out of the drainage basin, and about 90
percent of the once-extensive floodplain of the Green/Duwamish River is no longer inundated on
aregular basis (Fuerstenberg, 1999).

The land in the Upper Green River Sub-watershed is primarily managed forest. The Middle Green
River Sub-watershed is primarily farmland and a mix of urban and rura residential. The Lower
Green River Sub-watershed contains less farmland and is urban in nature. The Green/Duwamish
Estuary Sub-watershed is predominantly urban residential, commercial and industrial. Nearly all
the Nearshore Sub-watershed is also urban residentia while the Vashon Sub-watershed is rural
residential.

OVERVIEW AND CHRONOLOGY OF WATERSHED LAND USE CHANGES

The WRIA 9 land use history began severa thousand years ago when indigenous people first
moved into the WRIA 9 (Green/Duwamish Watershed). However, a great preponderance of the
major land use changes has occurred in the last 150 years since settlers moved into the area. Table
LU-2 shows a chronology of the land use events and policies affecting WRIA 9 beginning in 1790
and ending in 2000 (Fuerstenberg, 1999). The scope of this chronology does not include tribal
history prior to 1790.
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Table LU-2. Chronology of Policies and Events in the WRIA 9: 1790-2000 (adapted from Fuerstenberg, 1999).

Date Policies and Events Notes
1790s First settlers move into the Puget Sound area
1840s Native populations in the WRIA decreased to one Settlers move into unoccupied lands
tenth of 1790 population levels
1850 Oregon Donation Land Act Granted land to settlers if they homestead for 5 years
1851 First settlers arrive in the Duwamish estuary area Land clearing begins - three claims filed
1852 King County is established Settlers’ first major governance system in WRIA
1852 Livestock introduced into Lower Green River Valley Grazing begins on land
1853 Washington Territory is established
1853 Extension of Land Act through 1855 Seventeen claims filed along the river
1854 First road built in King County Road built through the lower river valley
1855 Treaty of Point Elliott Establishment of Muckleshoot and Duwamish Reservations
1855-58 State requests Congressional funding for river clearing | River boat/scow major mode of travel along the Green/Duwamish River -
removal of debris from river done for navigation purposes
1855-56 Indian Wars Settlers move to Seattle for protection - settlement slows
1856 Land clearing resumes Duwamish area gardens planted, orchards established, wide scale
timber cutting begins
1858 King County Drainage Laws County passes laws permitting ditches for drainage, swampland
drainage begins
1862 Homestead Act Settlement of territory encouraged
1865 City of Seattle is established
1866 Population of valley starts to grow in earnest Development increases
1867 First RR bridge built across Black River Local railroad construction begins in area
1870 277 settlers living in valley
1870s Major railroads build lines Pace of logging increases in WRIA 9
1875 Channel Improvement Act County road funds used for improvement of rivers
1878 Golden Age of Hops begins Hops production popular, continues for 20 years
1880-1910 Majority of logging occurs in WRIA 9
1888 Northern Pacific Railroad constructs east/west line Logging camps such as Borup, Kennedy, Nagrom and Maywood, and
through Green/Duwamish River Watershed town of Lester, are established
1889 Washington granted statehood
1893 Great Northern Railroad develops lines in north/south
direction in valley
1895 Drainage District Act County Drainage Districts formed
1895 Duwamish East Waterway construction begins Duwamish East Waterway dredged and used for Harbor Island fill
1897 Federal Government creates forest reserve that later Curtails further development in the Upper Green River Sub-watershed
becomes Snoqualmie National Forest
1899 Federal Rivers and Harbors Act Encouraged federal actions to protect navigation rights
1900 Extensive logging on Vashon Island Little old growth forest remains on Vashon Island
1902 Green River Hatchery completed State-operated Green River Hatchery opens on Soos Creek
1901-04 Hydraulic sluicing of Beacon Hill in Seattle Fill placed in the intertidal area of the Duwamish River to raise land and
decrease flooding potential
1906 Major flooding in rivers during fall and winter Log jam on lower “White River” forces floodwater down the Stuck River
into the Puyallup River
1902-27 Interurban Electric railway operates Interurban eclipses Green/Duwamish River as a means of travel
1910 Tacoma Headworks dam authorized Construction begins on Tacoma Headworks on Green River to provide
water for the City of Tacoma
1911 White River Diversion White River completely diverted to Puyallup River to reduce flooding
problems
1913 Tacoma Headworks completed Drinking water diverted from Green River for the City of Tacoma
1916 Black and Cedar Rivers diverted from Duwamish and This diversion reduced flooding in the Duwamish River lowlands,
Ship Canal cut to Lake Union draining Lake provided flushing for Lake Washington, and created access to fresh
Washington to Puget Sound water for ships
1917 East/West Waterways finished Dredging of channel completed, 2.2 sg. miles of Duwamish intertidal
area filled - reduces potential flooding
1918 Coal production peaks and is one of the state’s largest | Renton and Black Diamond coal mining peaks
exports
1919 Private levee construction begins Levees built to protect lowlands from flooding all along the

Green/Duwamish River
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Table LU2. Chronology of Policies and Events in the WRIA 9: 1790-2000 (adapted from Fuerstenberg, 1999) (Continued).

Date Policies and Events Notes
1926 King County Planning Commission appointed and Report includes preparation of county road plan, acquisition of parks,
releases recommendations regulation of platting, and formation of a metropolitan sewer district
1935 Washington State Planning Enabling Act Counties and jurisdictions allowed to regulate land use
1938 The first soil survey was initiated as a cooperative Described and located numerous types of soil and documented the
effort of the United States Department of Agriculture productive capacity of various soils for different types of agricultural
(USDA), the Washington Agricultural Experiment crops
Station, and the Washington State Planning Council
1949 Tacoma Water signs cooperative agreement with all Agreement leading to a limit of activities that affect water quality,
major land owners in Upper Green access, and fish habitat
1954 City of Seattle, King County, and Port of Seattle Recommends constructing Howard Hanson Dam, converting 2,500
release the Development Plan for the Duwamish and acres of farmland to industrial area, expanded dredging of the river and
Lower Green River filling of the estuary
1957 Duwamish Valley Study released by King County Recommends construction of highway project that affect the
Planning Commission Green/Duwamish basin (e.g., I-5, 1-405, SR 18, SR 167, SR 516)
1963 Howard Hanson Dam completed Reduces maximum flow of Green River to 12,500 cfs at Auburn to
reduce flooding potential
1964 King County adopts its first comprehensive plan Recognizes the need for an effective means of guiding and coordinating
the physical development of the County; a means for coordinating
programs and services; a source of reference to aid in developing
coordinated official plans and regulations for the County and
municipalities within it; and a means of promoting a desirable
environment for housing, commerce, industry, agriculture, and
recreation
1970 National Environmental Policy Act Requires environmental review for all development with a federal nexus
1971 Washington State Shoreline Management Act Requires local jurisdictions to create master plans that protect coastal
resources while also allowing development activities
1972 Federal Coastal Zone Management Act Unique federal/state partnership to encourage states to develop
programs that preserve, protect, and restore coastal resources
1973 Washington State Land Use Act Allowed lands that are undeveloped and left in the natural state to be
taxed at a lower rate than developed land
1973 Federal Endangered Species Act Federal agencies required to protect endangered species and their
habitat from harmful human activities
1974 Boldt Decision Washington State Supreme Court interpreted the Treaty of Point Elliott
to mean that Native American tribes were entitled to half of the total
allowable catch of fish in the tribe’s usual and accustomed fishing
grounds
1977 Clean Water Act (Amendment to the Federal Water Generally halted filling of wetlands or required mitigation for filling of
Pollution Control Act of 1972) freshwater or marine wetlands
1978 King County Growth Management Program Directed future comprehensive plans to deal with growth while
incorporating environmental protection, energy conservation, and farm
land preservation
1979 King County voters pass Farmland Preservation $50 million bond issue to purchase development rights on agriculture
Program lands in King County
1985 King County Comprehensive Plan--1985 Addressed expected population and employment growth; established
urban areas, transitional areas, rural areas, open space, and natural
resource lands
1990 Washington State Growth Management Act Requires local governments to plan for growth; all urban counties and
their cities are required to plan comprehensively and jointly for the future
1994 King County Comprehensive Plan--1994 Urban Growth Area established in the western one-third of the County
Cities begin to adopt comprehensive plans where most future growth and development will occur to reduce urban
. h : sprawl, enhance open space, protect rural areas including the
County and ¢ lans are guided by the Countywide . 5 : o -
unty ity p oul 4 untyw! establishment of the Agriculture Production District, and more efficiently
Planning Policies . . i
use human services, transportation, and utilities
1998 Washington State Department of Ecology initiates an
update of the Shoreline Master Program guidelines
1999 Federal listing of chinook salmon and bull trout as Protection and recovery of species in Puget Sound Region is required

threatened species
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PRE-1850: THE YEARS BEFORE THE SETTLERS

Before settlers arrived in the region, streams of the Puget Sound lowland were a network of
doughs, idands, beaver ponds, and estuaries (Fuerstenberg, 1999). Historians estimate about 300
Native American people lived in the Tukwila areain the 18" century and fewer than 4,000 Native
American people lived throughout the Duwamish River area (Fuerstenberg, 1999). Primary
activities of native people were fishing, hunting, and food gathering. Shellfish and salmon were
the primary foods of Native Americans. Gardens and cameas fields (maintained by burning) were
the only evidence of forest clearing by Native Americans.

1850-1917: SETTLERS AND THE YEARS OF RESOURCE EXTRACTION
SETTLERS LAND USE POLICY—1850-1917
Human Settlement

Native peoples including the Muckleshoot Tribe have lived in the WRIA 9 watershed for
thousands of years. However, the native peoples land use and natural resource use patterns were
less disruptive to the natural ecosystem than the settlers' subsequent land use patterns. The Treaty
of Point Elliott signed in 1855 allowed the settlers to begin to dominate land use in the watershed.
This treaty moved tribes to reservations that were a fraction of the land area that the tribes used
to occupy. The federa policies of “manifest destiny,” the Donation Land Act of 1850, the
Homestead Act, and the laissez faire economic policies of the federal government influenced the
settlers development of the Green/Duwamish River Watershed. The results of these policies were
the rapid settlement of the area and the exploitation of natural resources. (Benoit, 1979)

Navigation/Transportation

The Green/Duwamish River was a significant transportation corridor during early settlement,
fostering development of communities along the edge of the river. As communities sprang up, the
shorelines were cleared and adjacent wetlands were drained under drainage laws established by
King County in 1858. Policies that encouraged these settlements and federal policies that
encouraged use of the river for navigation, resulted in extensive development of land for
agriculture. In turn, the agricultural development in the Duwamish area supported the growth of
communities near Elliott Bay.

As the land was settled, federal policy encouraged the expansion of the railroad. Three distinct
land use patterns developed as a direct result:

Federal land grants to railroads resulted in the checkerboard pattern of land ownership in
the Upper Green River Sub-watershed that influences patterns of forestry activity even
today;

The routes taken shaped the growth of local communities and industry; and
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Later patterns of highway development were influenced by early rail routes, thus further
reinforcing the development of commercial and industrial land usesin the valley.

The Federa Rivers and Harbors Act of 1899 provided the policy basis for federa actionsin and
around the navigable waters of King County and gave responsibility for conducting water projects
to the U.S. Army Corps of Engineers. In 1910, construction of the Hiram M. Chittenden Locks
and the Lake Washington Ship Canal occurred under the auspices of the Rivers and Harbors Act.
These mgjor projects diverted the Cedar River and Lake Washington outflow via the Black River
away from the Duwamish estuary and into Puget Sound via the ship cana and locks. The policy
basis for improving the transportation corridor of the Lake Washington system reinforced other
policy choices that gave greatest prominence to the use of the Duwamish estuary for industrial
development.

Tidelands Development

The State Constitution established the policy basis for filling of the Duwamish estuary and the
resultant industrial land uses that till prevail there today. The State Constitution (Article XV-
XVI1) established state ownership of tidelands and required that tidelands should be “reserved for
lands, wharves, streets, and other conveniences of navigation...” In 1894, the State Legidlature
authorized any person or company to excavate waterways through the tide and shorelands in front
of incorporated cities, giving individuals or companies afirst lien upon any lands they filled in, for
the cost of the work plus, fifteen percent added to the lien on the lands benefited. This provided a
financial incentive to develop the Duwamish estuary for industrial and commercia uses. Because
much of the land in the downtown area was on fairly steep sopes that were largely unsuitable for
industrial and commercial uses, the filled shoreline areas were rapidly developed for such
purposes.

Reinforcing State policies that viewed estuaries as ripe for industrial and commercia
development, the State established the legal basis for specid waterway districts. The East
Waterway district of the Duwamish River was among the first of such districts established
(Warren, 1997).

Adding to this development, at the time of statehood, ownership of al tidelands in Washington
State was transferred from the federal government to the state under the equal footing doctrine of
the U.S. Constitution (Good and Ridlington, 1992). The tidelands were supposed to be held in the
“public trust” per the Public Trust Doctrine, which is a common law doctrine protecting
shorelands in the public interest. Over time, 70 percent of Washington's inland marine water
tidelands were sold to private upland owners (Broadhurst, 1998). The Public Trust Doctrine and
the “takings’ clause of the Fifth Amendment of the U.S. Constitution protecting private property
rights have been invoked many times in court battles over shoreline land use since the beginning
of the 20" century.

Flood Control

The nation had long been engaged in issues of flood control, especialy in the Mississippi River
basin (MRC, 2000). Flood control measures in this region of the United States influenced the
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policy foundation for flood control in WRIA 9, including the White River diversion in 1911
(Bagley, 1929) and Howard Hanson Dam construction in 1963. The purpose of flood control was
to protect the economic well-being of the region by preventing floods, such as one in 1906, which
disrupt agricultura land uses. The diversion of the White River was only one of several steps
taken from the early 1900s to the present to control flooding within WRIA 9.

Commercial Forestry

Land dedicated to railroads was often transferred to subsidiary commercia forestry companies
(e.g., Plum Creek Timber Company was originaly part of Burlington Northern, which was the
successor company to both the Great Northern and the Northern Pacific Railroads) or sold to
other commercial forestry interests. In addition, the federal government, recognizing the value of
forestlands, established a policy to create federal forest reserves in 1897. The creation of the
Snoqualmie National Forest and a federa policy of allowing logging on public lands, ensured that
land uses in the Upper Green River Sub-watershed would focus on timber production and mineral
extraction. The Nationa Forest Management Act later broadened the mandates of federd
forestlands to include recreation, fish and wildlife habitat, and other designated forest uses.

SETTLERS LAND USE PATTERNS 1850-1917

After Euro-Americans arrived in the 1850s, the landscape changed dramatically. The Treaty of
Point Elliott in 1855 moved native peoples to a small reservation in WRIA 9, alowing Euro-
Americans to move further into areas previously occupied by native peoples. WRIA 9 was among
the first areas west of the Cascade Mountains to be logged (Fuerstenberg, 1999). By 1895, the
riparian zone had been logged from the mouth of the Duwamish River to Horseshoe Bend near
Kent. From Horseshoe Bend to Big Soos Creek, the riparian area was a mix of intact trees and
areas that had been burnt or cleared. Above the confluence of Soos Creek and the Green River,
the riparian area was cut or cleared (Fuerstenberg, 1999).

In 1888, the Northern Pacific Railroad was the first transcontinental railroad to the Pacific
Northwest and made almost all parts of the basin accessible to timber production (Fuerstenberg,
1999). The railroad companies acquired land from the federa government and transferred it to
Plum Creek or sold the land to other timber companies. Subsequent logging operations
supplemented by frequent forest fires greatly depleted the origina forest (Fuerstenberg, 1999). In
a survey from 1853 to 1861 of plant life west of the Cascades for the Northern Pacific Railroad,
Cooper notes the excellent firewood characteristic of Douglas fir, “From its combustibility
extensive tracts of this forest get burnt every year, taking fire from friction or any other slight
cause.” Cooper described ascending the western slopes of the Cascade Range where “we passed
for days through dead forests.” As the Northern Pacific Railroad had not yet constructed its line
through the Green/Duwamish River watershed, Cooper probably observed and recorded evidence
of natural fires in the Green/Duwamish River watershed or natural fires fostered by poor logging
practices (Fuerstenberg, 1999).

Before 1900, settlers established orchards and farms along the Lower Green River. As land was
cleared, tree stumps were usualy discarded in the river. Levees and revetments were constructed
along segments of the river to protect farms and homesteads from flooding and erosion. Around
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the turn of the century, Vashon Iland was extensively logged and, with the exception of a small
stand of privately owned trees in the Christensen Creek area, few trees over 100 years old
remained (Thomas, 1979). Commercia forestry had also begun aong the tributaries and along the
Green River mainstem leaving logging debris in the channels. In the 1850s, logs began to be
removed from the river to allow riverboats, an early mode of transportation in the valley, to
navigate. Flooding continued to be a problem for people in the valley. In 1906, major flooding
occurred on the White and Green Rivers (Fuerstenberg, 1999).

As the land was cleared of vegetation for commercia forestry and agriculture operations,
protection was needed from flooding and the excess water generated by lack of forest cover. (A
1919 Washington State Fish Commission report noted that “...as timber is cleared away, hatchery
operations are more and more hampered by flood conditions. The water in streams rises more
quickly now than was formerly the case when there was heavy timber growing...”) Extensive
levee and revetment construction began in about the same year. Flood-prone valley areas along
the Green/Duwamish mainstem and the estuary were drained and filled, and major tributaries were
rerouted or disconnected from the Green (Fuerstenberg, 1999).

Replumbing of the Green

The seven years from 1910 to 1916 saw the most dramatic hydrologic change. During this period,
70 percent of the land area of the Green/Duwamish Watershed was diverted away from the
origina Green/Duwamish River and a dam blocked fish access to another 10 percent of the land
area of the origina Green/Duwamish Watershed. These activities were a mgor disruption to
salmon and other aquatic species migration and rearing.

In 1910, the Cedar, Black, White, and Green Rivers combined to form the Duwamish. After the
large flood of 1906, plans to divert the White River permanently to the Puyallup River were made
by the U.S. Corps of Engineers. In 1911, this diversion was completed (Fuerstenberg, 1997). One
of the effects of this diversion was to reduce the volume of water flowing in the lower portion of
the Green/Duwamish River (Fuerstenberg, 1999).

In 1913, the City of Tacoma completed its Headworks water diversion dam on the Green River
near the town of Palmer. The Headworks further reduced the flow and shut off the Upper Green
River Sub-watershed to anadromous fish passage. The State granted Tacoma Water (now known
as Tacoma Public Utilities) the right to remove a maximum of 113 cfs of water from the River.
Tacoma Water subsequently began purchasing land adjacent to the river in the Upper Green River
Sub-watershed to protect water supply operations, although Tacoma still allowslogging in certain
portions of the riparian area (TPU, 1998).

By 1916, the Black and Cedar Rivers had been diverted from the Duwamish River as part of a
project to connect Lake Washington and Puget Sound. This diversion reduced flooding in the
Duwamish River lowlands, thereby alowing more development. This diversion provided flushing
for Lake Washington and navigational access from Puget Sound to Lake Washington via the
Hiram M. Chittenden Locks and the Lake Washington Ship Canal. As a result, the Cedar River
now flows into Lake Washington while the Black River has been reduced to a fraction of its
former volume and is disconnected from Lake Washington (Fuerstenberg, 1999).
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In 1854, 1900 linear miles of stream and river were accessible to fish through the Duwamish
River. By 1985, fish could access only 125 river miles through the Duwamish River. The entire
lengths of the White and Cedar Rivers remain accessible to fish through the Puyallup River and
Lake Washington Ship Canal, respectively (Fuerstenberg, 1999).

1917-1970: THE YEARS OF ECONOMIC DEVELOPMENT
ECONOMIC DEVELOPMENT POLICY—1917-1970
Flood Control

At the federal level, continued discussion of flooding on the Mississippi River provided the basis
for approaches to further control flooding in the Green River valley (MRC, 2000). Private levees
that had been permitted by State and County legidation were supplemented by publicly financed
levee construction under the Flood Control Act of 1936 (33 USC Chapter 15). The U.S. Army
Corps of Engineers took the lead in creating a system that would protect the agricultural,
commercial, industrial, and residential land uses that were growing throughout the region. This
policy was followed by the Watershed Protection and Flood Prevention Act of 1954, which
reaffirmed previous policy (16 USC Chapter 18). The Act stated:

“ Erosion, flood water, and sediment damages in the water sheds of the rivers and
streams of the United Sates, causing loss of life and damage to property,
constitute a menace to the national welfare; and it is the sense of Congress that
the Federal Government should cooperate with States and their political
subdivisions, soil or water conservation districts, flood prevention or control
districts, and other local public agencies for the purpose of preventing such
damages, of furthering the conservation, development, utilization, and disposal of
water and protecting and improving the Nation's land and water resources and
the quality of the environment.”

The Howard Hanson Dam was constructed in 1963. Its primary purpose was flood control by
holding back peak flows and attenuating their release over along duration in the spring in order to
protect developing cities like Auburn, Kent, and Tukwila from flood damage. With assurances
that development would not be flooded, industrial, commercial, and residential land uses in the
valey burgeoned while agricultural uses diminished. The population of the City of Auburn
increased 121 percent between 1960 and 1980. During the same period, the City of Kent grew
157 percent while the City of Seattle saw a population decline of 11 percent . King County, as a
whole experienced population growth of about 35 percent (Washington State Office of Financia
Management, 2000).

Transportation

Federal highway construction policies emphasize increasing freight mobility across the continent.
Federal funding for construction of Interstate 5 and Interstate 90 encouraged the development of
industry in the Green/Duwamish River Watershed. In 1957, the King County Planning
Commission released the “Duwamish Valley Study.” This study recommended the current
locations for the magor highway systems in WRIA 9 including Interstates 5 and 405, and State
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Routes 18, 167 and 516. The study paved the way for increased development in the lower portion
of WRIA 9 and nearshore tributary sub-basins (KCPC, 1957). Also, highway access to maor
industrial development encouraged residential development outside of the core cities.

Shorelands Development

During the 1917-1970 period, most of the development and bulkheading along the WRIA 9
shoreline occurred. This was driven by Washington State selling tidelands to private landowners
and landowners protecting the land from erosion. Equally important to transportation, the Port of
Sedttle, the fifth largest port in the United States, requires dredging of the Duwamish River,
promotes heavy shoreline development, and creates potential for exotic species introduction.

Economic Growth

In 1954, the City of Seattle, King County, and the Port of Seattle released the “Development Plan
for the Duwamish and Lower Green River.” This plan recommended that a large amount of land
be converted from farmland to industrial uses. The Development Plan found that “the basic
requirements for industrial development either exist or can be developed’ in the Duwamish
Estuary and Lower Green River Sub-watersheds. At the time, this area seemed to be the logical
area to place more than 70 percent of Seattle' s expected industrial growth due to the proximity of
existing railroad lines and proposed highways. The Development Plan recommended construction
of the Howard Hanson Dam to control flooding and expanded dredging and filling of the estuary.
It further proposed increasing the industrial area by more than two and a half times from 1,500
acres to 4,000 acres (DGRJSB, 1954).

Recognizing the need for an effective means of guiding and coordinating the physica
development of King County, the County Commissioners in June 1959, initiated a reorganization
of the County Planning Agency and provided the necessary budget to develop a modern planning
program. By 1964, a Comprehensive Plan was prepared under the requirements of the State
Planning Enabling Act (RCW 36.70). This initial plan was designed to serve a projected 1985
population of about 1.6 million people within the entire County. The objective of the plan was to
“assure the highest degree of public health, safety, and genera welfare” while not “unduly
jeopardizing the rights of the individua” (KCPD, 1964).

The policy construct of the 1964 King County Comprehensive Plan was to direct growth within
the County to predominantly occur in the “Urban Area’ outside the City of Seattle. The plan
expected that the population of Seattle would increase dightly over its 1960 population of
557,100 persons while the County outside Seattle was expected to reach nearly a million people --
nearly triple its 1960 population. The rest of the County, or that area outside the Urban Area, was
expected to grow from 28,700 in 1960 to 73,000 in 1985 (KCPD, 1964). As the population of the
County increased, the density of population was expected to increase. Gross density (persons per
total acres) for the whole County was expected to increase from 0.68 to 1.21 persons per acre; in
Seattle, from 9.84 to 10.33 persons per acre; in the King County Urban Area outside Seattle from
1.17 to 5.34 persons per acre; and in King County outside the Urban Area from 0.3 to 0.7 persons
per acre.
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ECONOMIC DEVELOPMENT LAND USES & POPULATION CHANGE—1917-1970

From 1910 to 1930, timber production peaked in the Middle and Upper Green River Sub-
watersheds. The Great Depression slowed this production beginning in 1930. Coa production
peaked in 1918 following earlier coa finds in Renton and Black Diamond. This coal production
later decreased as alternative energy sources were found, and sand and gravel production became
more important as a result of the increased demand for industrial, residential, and road
development (Fuerstenberg, 1999).

Between 1930 and 1960, the Puget Sound Region, consisting of King, Pierce, Snohomish, and
Kitsap Counties, was one of the fastest growing areas of the State. The population of the region
doubled during that time period, growing from 737,000 people to more than 1.5 million. Most of
this growth occurred in the 1940s with the stepping up of defense production. Due to high birth
rates and continued defense production, this growth continued throughout the 1950s but at a
reduced rate. King County’s growth during this period mirrored that of the region. Between 1930
and 1960, the population of King County increased from 464,000 to 935,000, most of which
occurred between 1940 and 1950 (KCPD, 1964).

One areain particular experienced a dramatic increase in urbanization. The prime farmlands of the
Lower Green River valey from Auburn to Tukwila was converted to warehouses, malls, and
industry due to the proximity of roadway systems, reduced threat of flooding, and the flat, easily
developable land. Between 1965 and 1989, agricultural land uses in the Lower Green Sub-
watershed dropped by 70 percent (from 11,172 acres to 3,447 acres) while industrial and
warehouse areas increased by more than 500 percent (from 1,226 acres to 6,559 acres) (Scarey,
1994). The areas of Big Soos Creek, Covington Creek, and the plateau west of the Green River
valley aso experienced rapid suburban residentia development during this time period (USACE,
1997).

1970-2000: HEIGHTENED REGIONAL PLANNING & ENVIRONMENTAL AWAKENING
ENVIRONMENTAL PROTECTION POLICY—1970-2000
Environmental Concerns Establish a Regulatory Framework

The federal Environmental Protection Agency (EPA) was established in 1970 to respond to
nationwide concerns about environmental damage. The National Environmental Protection Act
(NEPA), thefirst officia federa action of 1970, established a national policy to weigh human land
use activities with environmental concerns. Environmental impact statements were required for
new development, aternatives were evaluated, and mitigation required for environmental
damages (Lewis, 1985).

The State Environmental Protection Act (SEPA) was adopted in 1971 (RCW 43.21c¢). It sought
to strike a balance between development and environmental protection. SEPA aimed to avoid
negative environmental impacts by requiring land use projects to consider impacts of various
dternative project designs and mitigate for environmental damages. The passage of SEPA
ushered in an era that saw a policy shift toward environmental considerations on both the state
and local level that affected land usein WRIA 9.
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Shorelands Protection

The federal Coastal Zone Management Act (CZMA) was enacted in 1972 to preserve, protect,
and restore the nation’s coastal zone resources. The CZMA established a unique state-federal
partnership designed to encourage and assist states in developing and implementing management
programs to achieve a variety of goals, including the achievement of “wise use of the land and
water resources of the coastal zone” (Good et. a., 1998).

Washington State was the first state in the nation to establish a federally approved coastal zone
management program (CZMA). The State Shoreline Management Act (SMA) (RCW 90.58.020)
is the primary means by which the state meets its CZMA requirements. The SMA states that
shorelines should be managed to:

Foster all reasonable and appropriate uses, particularly “water dependent uses;”

Provide the public the opportunity to enjoy the physical and aesthetic qualities of natural
shorelines; and

Ensure uses are designed and conducted in a manner to minimize damage to the ecology
and environment of the shoreline area and any interference with the public’s use of the
water.

The SMA is implemented and enforced by local governments in the form of Shoreline Master
Programs (SMPs) and the State Department of Ecology serves in a support and review capacity
to assist and ensure that local governments comply with the act (Broadhurst, 1998).

Specific uses and activities within the shoreline zone are governed/regulated by local SMPs,
including aquaculture, mining, commercial development, industrial development, recreation,
marinas, and shoreline modifications such as dredging, landfills, piers, and bulkheads. However,
because the SMA is explicitly designed to balance public shoreline uses with the rights of private
property owners, a number of activities within the shorezone are exempt from the mitigation and
other requirements set forth in the SMA and local SMPs. These include:

Developments having afair market value less than $2,500;
Maintenance of existing structures,

Construction of single family bulkheads; and

Construction of single family residences.

Approximately 90 percent of Puget Sound’'s shorelines are in private ownership. Single family
residences are exempt from permitting requirements in the Shoreline Management Act and it is
unclear if these shorelines are being afforded the necessary level of protection (Broadhurst, 1998).
In November 2000 (too late to be reviewed for this document), the State finished reviewing and
updating the Shoreline Master Program Guidelines to reflect best available science regarding the
functions and values of shoreline resources.
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Farmlands Preservation

Recognizing that an unintended consequence of earlier flood control policies in the
Green/Duwamish River Watershed was the rapid conversion of agricultural land to other, more
intensive land uses, the 1964 Comprehensive Plan included “Land Used for Agriculture” as an
element in its definition of Open Space and identified policies to ensure that these areas were
retained within the County (KCPD, 1964). The County continued to categorize its agricultural
lands and emphasize the need to protect them and in 1977 adopted Ordinance No. 3064 that
established seven Agricultura Districts and designated specific areas within them as “Agricultural
Lands of County Significance.”

King County voters adopted the Farmlands Preservation Act in 1979, which created the Farmland
Preservation Program. This ballot measure allowed the County to purchase $50 million worth of
development rights on agricultural lands at fair market value in return for a guarantee that those
lands would remain in agricultural use. This policy has helped slow the conversion of agricultural
lands to other uses, with approximately 2,900 acres of farmlands in the WRIA 9 preserved in the
1980s and 1990s. Nearly 10,000 acres in WRIA 9 are in the Agriculture Production District,
which gives farmers tax breaks for farming. The Farmland Preservation Program does, however,
limit some protection and restoration of fish and wildlife habitat on parcels under the Program,
since the covenants placed on these properties prohibit decreasing their agricultural capability to
support non-agricultural uses. In 1985, the County took further action to protect farmland when it
established agricultural land use policies and zoning regulations.

Growth Management

The environmental awakening of the 1970s coincided with an economic downturn in the Puget
Sound region. Despite the economic downturn, the growth and development predicted by the
1964 King County Comprehensive Plan proved to be real. This growth presented many
unanticipated growth-related problems, including energy shortages, congested highways, air
pollution, disappearing farmlands, and rising cost for housing and public services. In response,
King County established a growth management program in 1978 to reexamine and revise the
1964 document. The King County population increased 9.5 percent between 1970 and 1980.
Forecasts at that time predicted the population to increase 9.3 percent between 1980 and 1990,
then increase 19.1 percent between 1990 and 2000. The 2000 forecast population was 1,638,920
people, or nearly 30 percent greater than the 1980 population of 1,269,749.

The 1985 King County Comprehensive Plan established a pattern of countywide growth
development, which would encourage population growth in areas with the infrastructure and
facilities to support growth, the “Urban Growth Area’ (UGA), while discouraging growth in
areas designated as the “Rural Area” and “Resource Lands and Industries.” In the Rural Area,
low-density residential development was encouraged to maintain rural character and promote
small-scale farming and forestry. The Rural Area was also to provide a buffer to Resource Lands
from incompatible land uses and rural service levels were to be maintained. Resource Lands and
Industries designations were intended to conserve farmlands, forestlands, and minera resources,
and to encourage and promote their productive management by resource industries (KCPD,
1985).
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To address environmental quality issues presented by growth, the 1985 Comprehensive Plan
established policies to protect the quality of the natural environment through land use plans,
regulations, and incentive programs and to encourage the retention of open space. One policy
called for the following areas of the County to remain undevel oped:

Floodways of 100-year floodplains,

Slopes with a grade of 40 percent or more;

Severe landslide hazard aress,

Wetlands rated as unique/outstanding or significant; and
Coa mine hazard areas.

These natural features were designated as Open Space and described, classified, and mapped in
the Sengitive Areas Map Folio and the Inventory of King County Wetlands. These reports, along
with all other available data, were the basis for specific land use regulations for “environmentally
sensitive areas’ (KCPD, 1985).

Washington State responded to problems associated with statewide growth by adopting the State
Growth Management Act (GMA) of 1990 (RCW 36.70A), which was the first critical step in the
development of rational policies to sustain growth in Washington. For the first time in the State’s
history, al urban counties and their cities were required to develop and adopt comprehensive
plans and regulations to implement these plans. To ensure comparable planning efforts, the GMA
required that comprehensive plans address specific issues including (but not limited to) land use,
transportation, housing, facilities and services, utilities, natural environment, and economic
development. To achieve coordinated planning efforts, the GMA further required that counties
and cities develop a set of framework policies to guide development of each jurisdiction’s
comprehensive plan. The King County Countywide Planning Policies define the countywide vision
and establish the parameters for comprehensive plans of al the cities and the County.
Implementing regulations were required that must be consistent with comprehensive plans
(KCDDES, 1994). King County adopted a new Comprehensive Plan in 1994 to respond to the
GMA. All of the cities followed suit between 1994 and the present.

The Countywide Planning Policies call for consistent approaches to protect critical areas (also
known as environmentally sensitive areas) and directed the majority of future growth to within the
Urban Growth Area of the western third of the County. In so doing, the intent was to limit urban
sprawl, enhance open space, protect rura areas, and more efficiently use human services,
transportation, and utilities. Within the Urban Growth Area, the Countywide Planning Policies
designated “Urban Centers’ within the boundaries of severa cities. The 14 Urban Centers are
areas in which concentrated employment and housing is to be achieved. The Urban Centers are to
be directly serviced by high-capacity public transit. They contain a wide variety of land uses
including retail, recreational, cultural and public facilities, parks, and open spaces. The policy
construct is to establish well-designed, highly livable Urban Centers that will encourage people to
work and live there. If successful, thiswill contribute to achieving the growth management goal of
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concentrating infrastructure investments and preventing urban sprawl and environmental
degradation. Six of the 14 designated Urban Centers are located in WRIA 9. They are the central
business districts of Seattle, Renton, SeaTac, Kent, and Tukwila, and the First Hill/Capital Hill
area of Seattle (KCDDES, 1994).

One of the basic goals of the Growth Management Act is to encourage affordable housing. The
GMA directs all the jurisdictions' comprehensive plans to make adequate provisions for existing
and projected housing needs of all economic segments of the communities. The Countywide
Planning Policies call for each jurisdiction to specify the range and amount of housing needed for
various income groups. A key component of meeting this housing objective is by providing
sufficient land for housing in communities throughout the County. In particular, land must be
available for affordable housing types: higher density single-family housing; multifamily housing;
manufactured housing; accessory apartments; and mixed-use developments. All of these housing
types provide opportunities for development of affordable housing (KCDDES, 1994). Efforts to
provide sufficient land, infrastructure, and reduced development costs for affordable housing is
difficult to balance with the need to establish and maintain an Urban Growth Area sized to reduce
urban sprawl. This balance remains difficult as costs associated with new housing construction
and the demand for housing in the Puget Sound region grow.

The Urban Growth Area created by the Countywide Planning Policies was established to provide
sufficient land to accommodate the expected number of households through 2012 (20-year
planning horizon). Ensuring that there was capacity to accommodate projected household growth
was a key element of growth management planning efforts throughout the County in the early to
mid 1990s (K CDDES, 1994B and KCCPPBP, 2000).

Land use indicators of the Countywide Planning Policies Benchmark Program show that there is
ample capacity within the existing Countywide Urban Growth Area to accommodate the
estimated remaining number of targeted households and jobs by 2012 (170 to 198 percent
capacity of remaining target). In WRIA 9, the capacity remaining in the Urban Growth Area
ranges from 95 percent in Tukwila to over 200 percent in Renton, Kent, and Seattle. The
Countywide Rural Area has over 500 percent capacity to accommodate household and job targets
(2000 King County Benchmark Report).

These land use indicators suggest that there is no need to increase the size of the Urban Growth
Areato accommodate projected growth and to achieve affordable housing goals. Thisinformation
also suggests that the growth capacity in the Rural Area is not needed. Indeed, the amount of
growth in the Rural area has decreased from 1994 to 1999 from 11 percent to five percent of the
total amount of Countywide household growth; the amount of growth in the Urban Growth Area
increased from 88 percent in 1994 to 95 percent in 1999. Another trend is growth in urban core
areas versus the outer portions of the Urban Growth Area. Urban core areas steadily increased
from 47 percent of the total amount of household growth to 62 percent from 1994 to 1999.
During this same period of time, the amount of growth in the outer fringe areas of the UGA
decreased from 42 percent to 33 percent of the total Countywide household growth (2000 King
County Annual Growth Report).

Endangered Species Protection
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The latest policy to affect land uses in WRIA 9 is the Endangered Species Act (ESA) of 1973,
triggered locally by the 1999 listing of chinook and bull trout as threatened species. The purpose
of the Endangered Species Act is “to provide a means whereby the ecosystems upon which
endangered and threatened species depend may be conserved, and to provide a program for the
conservation of these species.” The ESA prohibits the “take” of any “endangered” or “threatened”
species or the degradation of habitat critical to these species. The ESA involves a process of
species listings (Section 4), definition of “take” (Section 4d), federal agency consultations to
avoid “take” (Section 7), prohibition of “take” (Section 9) and a citizen suit provision (Section
11). The Act may affect land use activities if the land use is construed as a “take.” It is unclear
how the ESA will be implemented in the area. However, land use activities are one of many
human activities that may be restricted in order to protect salmon populations. The effect of ESA
on GMA will play out over the next 10-20 years and may have new impacts on land use in
WRIA 9 (West Group, 1998).

LAND USES AND ENVIRONMENTAL PROTECTION—1970-2000

As the Puget Sound population centers continued to expand from the 1970s through the 1990s,
WRIA 9 became increasingly urbanized in the Nearshore, Green/Duwamish Estuary, Lower
Green, and Middle Green River sub-watersheds. With the inception of the Washington State
Growth Management Act in 1990, local governments have tried to slow growth in the rural area.
Figure LU-1 and LU-2 show the King County development trends from 1994 to 1999. (Figures
LU-1 and LU-2 were developed from Table LU-6 in the Appendix.) Figure LU-1 shows that from
1994 to 1999, or following implementation of the GMA, there has been a dramatic increase in the
amount of residential development in the Urban Growth Area. Figure LU-2, shows that there has
been a corresponding decrease in the amount of residential development in the Rural Area. Only
eight percent of the permits issued by King County in 1997 were in the Rura Area, versus 20
percent for the Puget Sound region as a whole (PSCR, 1998).

Despite this trend, which is driven by the successful implementation of growth management plans
by al jurisdictions of the County, the Puget Sound Regiona Council (PSRC) found that a 19
percent increase in population between 1980 and 1990 was also accompanied by a 37 percent
increase in developed land (PSRC, 1998).
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Figure LU-1. King County Land Development Indicators -Urban (KCORPP,
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Figure LU-2. King County Land Development Indicators - Rural (KCORPP, 2000).
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Estimates using PSRC data show that the population of WRIA 9 is currently approximately
563,980. About 89 percent live in the Urban Growth Area and 11 percent live in the Rural Area
or Resource Lands (derived from 2000 PSRC data). Additional population information is
presented later in this chapter.

PRESENT-DAY LAND COVER AND DESIGNATED LAND USE

The land area of WRIA 9 is 568-square-mile area. Thirty percent of the WRIA iswithin the Urban
Growth Area (UGA). The land use/land cover statistics (found in the tables and maps of the text
and Appendix) are categorized from 1995 King County land cover data. Designated land use
statistics (found in the tables and maps of the text and Appendix) are categorized from recent
Puget Sound Regional Council data that summarized current comprehensive plans. Figure LU-4
and figure LU-5 show land cover and designated land use mapped, respectively. The maps show
the increasing urbanization within the UGA and how planning can drive these types of
development.

Table LU-3 summarizes some of the information found in tables LU-7 through LU-18 in the
Appendix. Each sub-watershed is listed below with the designated land use (from comprehensive
plans) and percent land area found in the UGA. The land use designation is vastly different from
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sub-watershed to sub-watershed. WRIA 9 has a variety of land uses from forestry to agriculture
and from residentia to industrial.

Table LU-3. Designated Land Uses in WRIA 9 (derived from 2000 PSRC data).

% of % of % of % of
Upper Middle Lower Green/Duwamish % of % of
Land Use Green River Green River Green River Estuary Nearshore Vashon Is.
Designations Subwatershed [ Subwatershed [ Subwatershed Subwatershed Subwatershed | Subwatershed

Agriculture 11 5 4
Commercial 1 10 1 6
Commercial Forestry 100 26
Industrial 1 17 44 10
Mixed Use 1 5 2 4
Residential 50 50 39 68 92
Mineral Resources 2 1
Other 3 7 10 4
Parks & Open Space 5 6 4 8 3
% of Sub-watershed 0 22 100 100 100 0
in UGA

UPPER GREEN RIVER SUB-WATERSHED

The Upper Green River Sub-watershed is nearly 100 percent utilized for commercial forestry. No
permanent settlements currently exist in this sub-watershed but human development is
characterized by large forestry operations, a flood control dam and reservoir, a water supply
diversion dam providing water for the City of Tacoma, the Burlington Northern Santa Fe railroad,
and a mgor electric utility transmission line (USACE, 1997). Public access is restricted in some
areas. There are seven principal land owners in the sub-watershed including U.S. Forest Service,
Plum Creek, Weyerhaeuser, Guistina Resources, Washington Department of Natural Resources,
Tacoma Public Utilities, and Burlington Northern Santa Fe. None of the Upper Green River Sub-
watershed isin the UGA. (See TablesLU9 & LU10 in Appendix)

MIDDLE GREEN RIVER SUB-WATERSHED

The Middle Green River Sub-watershed is roughly split between resdentia development (50
percent ) and a mix of commercia forestry (27 percent ) and agriculture (12 percent ). Most of
the upper portion is rural residential, forestry, and agriculture while cities and unincorporated
urban areas dominate the lower portion of this sub-watershed. It includes all or portions of the
cities of Auburn, Black Diamond, Covington, Enumclaw, Kent, and Maple Valley. Twenty-two
percent of the Middle Green Sub-watershed is in the UGA. (See Tables LU11 & LU12 in
Appendix).

LOWER GREEN RIVER SUB-WATERSHED

The Lower Green Sub-watershed consists of residential development (50 percent ), industrial
development (17 percent ), and commercia development (10 percent ). Most of the land area is
incorporated in the cities of Algona, Auburn, Federal Way, Kent, Renton, SeaTac, and Tukwila
(representing four of the 14 Urban Centers). In this sub-watershed, it is estimated that 80 percent
of the Green River from river mile (RM) 17 to river mile (RM) 33 has been leveed or revetted on
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a least one bank for flood protection (Perkins, 1993). Most of the floodplain has been filled,
drained and developed. About 5 percent is in the County’s Agricultural Production District.
Nearly 100 percent of the Lower Green River Sub-watershed isin the UGA. (See Tables LU13 &
LU14 in Appendix)

GREEN/DUWAMISH ESTUARY SUB-WATERSHED

The Green/Duwamish Estuary Sub-watershed is characterized by industrial development (43
percent ) and residential development (39 percent ). The cities of Seattle and Tukwila, operations
of the Port of Seattle (the fifth largest port in the U.S.), and the region’s largest industrial
complexes are in this sub-watershed. In the lower portion of the estuary, the loss of estuarine and
riparian habitat has been extensive. The estuary shoreline has been dramatically altered: 21,000
feet have been lost due to straitening of the channel and 53,000 feet have been filled and
developed. Only 19,000 feet of vegetated riparian shoreline remains. The once extensive 3,850
acres of tidal mudflats, marshes, and swamps have been reduced to only 45 acres. Ninety-seven
percent of the estuary has been filled (USACE, 1997). This entire sub-watershed is in the UGA.
(See TablesLU15 & LU16 in Appendix)

NEARSHORE SUB-WATERSHED

The Nearshore Sub-watershed has been heavily atered and currently consists of residential
(68 percent) and industrial (10 percent ) land uses. This portion of the Puget Sound coastline has
one of the largest coastal populations in the state including al or portions of the cities of Burien,
Des Moines, Federal Way, Kent, Normandy Park, SeaTac, and Seattle. In the center of this sub-
watershed is one of the region's largest public facilities, SeaTac International Airport. The
Nearshore Sub-watershed has one of the highest degrees of shoreline modification in the state at
nearly 80 percent. Most shoreline modification such as seawalls and bulkheads were placed to
protect residential development from erosion (WSDNR, 1998). This entire sub-watershed isin the
UGA. (See TablesLU17 & LU18 in Appendix)

VASHON SUB-WATERSHED

The Vashon Sub-watershed has remained far less developed than much of the surrounding area
due to its isolation and finite ground water supply. Regardless, the island is designated primarily
for rural residential (92 percent ) land uses. Along with the residential land uses there are some
agriculture and mining operations on the island. A variety of rare and pristine habitat areas are
found here including two salt marshes and two of the last remaining undisturbed salmon streams
in King County. Two-thirds of the idand is still currently forested (Munday, 1999). None of the
Vashon Sub-watershed isin the UGA. (See Tables LU19 & LU20 in Appendix).

POPULATION GROWTH

Population has increased dramatically since the beginning of the 19" century. In the early 20"
century, the region experienced a dramatic increase in population predominantly in the urban
areas such as Seattle and the other watershed cities. As the Puget Sound population centers
continued to expand through the 1970s, 1980s, and 1990s, WRIA 9 has experienced increasing
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urbanization throughout its Urban Growth Area. The Puget Sound Regional Council has found
that for every 1 percent increase in population growth there is a corresponding 2 percent or higher
increase in developed land (PSRC, 1998). Figure LU-3 shows population growth in Washington
State and King County since 1900.

Figure LU-3: Population Growth 1900-1990 (U.S. Census Bureau, 2000).
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In 1999, population in WRIA 9 was estimated at 563,980 (adapted from PSRC data, 2000).
Eighty-nine percent of this population resides within the UGA. Table LU-4 shows the population
numbers for the sub-watersheds. The Nearshore Sub-watershed has the largest population.

Table LU-4. Sub-watershed Population (derived form 2000 PSRC data).
Sub-watershed Total Population % of Total Watershed

Upper Green River 128 0
Middle Green River 112,130 20
Lower Green River 153,755 27
Green/Duwamish Estuary 57,647 10
Nearshore 230,718 41
Vashon 9,602 2

Table LU-5 provides data on the numbers of residents in cities wholly or partialy within WRIA 9
in 1990 and 1996. Except for the City of SeaTac, the populations of al the citiesin WRIA 9 grew
between 1990 and 1996. The cities of Algona, Black Diamond, Enumclaw, and Kent experienced
the greatest growth, with an average annual growth rate of 2 percent or higher, due to both
annexations and new residential development.
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Table L-U5. Population Distribution in the Green/Duwamish River Basin (numbers are

calculated by jurisdiction and may fall out of the WRIA boundaries (U.S. Census

Bureau, 2000).

Average Annual Growth Rate
Jurisdiction 1990a 1996b Percent per Year Relative Rate

Algona 1,694 2,135 4.34 High growth
Auburn 33,650 36,393 1.36 Moderate growth
Black Diamond 1,422 1,967 6.39 High growth
Burien 25,507 26,882 0.90 Low growth
Covington 24,321 ND ND ND
Des Moines 17,283 17,811 0.51 Low growth
Enumclaw 7,227 9,500 5.09 High growth
Federal Way 67,535 68,088 0.14 Low growth
Kent 37,960 42,700 2.08 High growth
Maple Valley 1,211 ND ND ND
Normandy Park 6,794 6,846 0.13 Low growth
Renton 41,688 45,155 1.39 Moderate growth
SeaTac 22,760 22,723 -0.03 Negative growth
Seattle 516,259 524,704 0.27 Low growth
Tukwila 14,506 14,556 0.06 Low growth
King County (as a whole) 1,507,319 | 1,598,707 1.01 Moderate growth
Washington State 4,866,692 5,433,068 1.94 Moderate growth
Notes:
ND = no data available.
a Census Bureau data as of April 1, 1990.
b Census Bureau estimate data as of March 12, 1999.
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1.2 WATER QUALITY

EXECUTIVE SUMMARY

This chapter provides an assessment of the water quality conditions in the Green/Duwamish
watershed from existing water quality reports and from anaysis of water quality data collected
during the past four years (1996-1999) by the King County Streams Monitoring Program, the
Muckleshoot Indian Tribe, and the City of Tacoma. The water quality data were compared to
Washington State water quality standards (WAC 173-201A), EPA water quality criteria and
appropriate toxicity screening thresholds to assess potential for biological significance. Where
possible and when data or studies are available, water quality trends are examined and
acute/chronic concentrations are specifically related to conditions that are known to be or may be
afactor of decline for saimonids. Available aquatic insect data were also evaluated as a measure
of the agquatic ecosystem condition of selected streams. Finally, data gaps are identified for
potential future investigations.

The analysis for this report divides the Green/Duwamish basin into four subbasins on the
mainstem (Upper, Middle and Lower Green River, and the Duwamish River) and five tributaries
(Crisp, Newaukum, Soos, and Mill (Hill) creeks, and the Black (Springbrook) River). The state
water quality standards classify the water bodies in this basin as follows: (1) Class B (fair) —
Duwamish River; (2) Class A (good) — lower and middle Green River up to river mile (RM)
42.3, Crisp, Newaukum, Soos, and Mill creeks, and the Black River; and (3) Class AA
(extraordinary) — middie Green River, from RM 42.3 to the headwaters.

Numerous stream systems throughout the Green/Duwamish watershed are listed on the State's
1998 303(d) list of impaired water bodies. Section 303(d) of the Clean Water Act requires
Washington State to identify those water bodies that do not meet water quality standards. The
State is then responsible for prioritizing the list and developing Total Maximum Daily Loads
(TMDLSs) for every water body and pollutant on the list. Some segments are also listed for
sediments and tissues, but they are beyond the scope of this report. In the Green/Duwamish
watershed, water body segments have been listed for failing to meet water quality standards for
one or more of the following parameters: fecal coliform, temperature, dissolved oxygen (DO),
pH, ammonia, and metals (cadmium, chromium, copper, mercury, and zinc).

GENERALIZED WATER QUALITY CONDITIONS

Water quality in the Green River and its tributaries varies widely depending on location in the
watershed, intensity of land use (level of urbanization), and human activities (King County
1989). The upper Green River watershed is mostly forested and has been minimally altered by
human activities (with the exception of construction of the Howard Hanson and Tacoma
Diversion dams and logging activities), and thus generally has the best water quality. The middle
Green River is dominated by agricultural land use, mixed forest, and rural residential
development, and generally still exhibits fairly good water quality conditions. The lower Green
River and Duwamish River are the most urbanized and industrialized portions of the watershed
and generally have the most degraded water quality conditions in the mainstem.
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Of the tributaries assessed, water quality is also closely linked to the level of urbanization and
intensity of land use. Crisp Creek has the best overall water quality and is the least developed of
the tributaries assessed. Newaukum Creek, which has extensive agricultural land use, generaly
has good water quality but suffers from occasiona depressions in DO levels. Soos Creek has
some of the region’s best water quality of the smaller creeks in the urban portion of King
County. Mill and Springbrook (Black River) creeks are the most heavily urbanized of the
tributaries evaluated in this report and exhibit the most degraded water quality conditions.

KEY FINDINGS

This section summarizes some of the key findings from the water quality assessment of existing
conditions and trends (where available) for the mainstem and major tributaries. Tables WQ-E1
and WQ-E2 provide a summary of the projected factors of decline for salmonids by subbasin and
parameters, providing a quick reference for areas of concern. The criteria used to determine
whether a parameter is a factor of decline for salmonids include comparison with water quality
standards and toxicity screening thresholds, and listing on the State’ s 1998 303(d) list. Factors of
decline are rated as probable, possible, unlikely, or unknown on the following basis.

1. Probable. Probably a factor that contributes to the decline of salmonids based on frequent
small exceedances of water quality standards or less frequent significant exceedances, often
combined with 303(d) listing for the water body.

2. Possible. Possibly a factor that contributes to the decline of salmonids based on occasional
small exceedances of water quality standards, or a 303(d) listing for the water body.

3. Unlikely. Unlikely to be a factor that contributes to the decline of salmonids based on
infrequent or no exceedances of water quality standards and no 303(d) listing for the water

body.

4. Unknown. No or insufficient data to make a determination or no water quality standards
available for evauation.

The projected water quality factors of decline represent a preliminary assessment based on the
best available information. Several factors may contribute to uncertainty in this assessment. First,
because this assessment is made by subbasin, the results are generalized, and thus may not show
the potential for substantial variability within a subbasin. Second, the sparse data coverage in
several subbasins may result in overlooking impaired water quality conditions in some areas.
Finally, the lack of continuous data or information on the duration of exposure may lead to an
incorrect determination about whether a given parameter is or is not a factor of decline. The key
findings are as follows:

1. Water quality conditions in the Lower Green and Duwamish River have improved from the
poor water quality conditions that existed in the 1960s. This is a result of the reduction of
municipal and industrial discharges (including higher levels of wastewater treatment and
reduction of combined sewer overflows (CSOs)) and the relocation of the south municipal
wastewater treatment plant outfall to Puget Sound.
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There has been a trend towards increasing surface water temperatures in most tributaries in
the urban and urbanizing areas of the region over the past 20 years, probably attributable to
urbanization and development, including increased runoff from impervious surfaces and loss
of riparian vegetation.

Temperatures in the mainstem during the summer have peaked between 23 and 24 ° C at
stations in the Lower and Middle Green River in studies involving continuous monitoring
probes, based on available data. In some years, this is probably of concern for adult chinook
migration up the Green River in August and early September. Water temperatures in some
tributaries of the Mill (Hill) and Springbrook subbasins have been historically high and are
probably of concern for salmonid rearing. Water temperatures during spawning and rearing
are also of concern for several Soos Creek tributaries. There are insufficient data and
information on the distribution of bull trout in the watershed to assess to what extent
localized temperature conditions are a concern for bull trout.

Dissolved oxygen (DO) levels are one of the most significant issues for salmonids in the
basin. In the mainstem, DO levels in the Duwamish and Lower Green rivers are of concern
for salmonid rearing on some occasions. In the mainstem above RM 24 (where most
mainstem spawning occurs), DO levels in the Middle Green River are occasionaly of
concern during incubation. DO for incubation and rearing is a probable factor of decline for
salmonids in several tributaries, particularly Springbrook Creek, Mill (Hill)! Creek, Soos
Creek and Newaukum Creek. The most severe documented DO problem in the basin is in
Mill Creek (just north of SR-18).

Turbidity and total suspended solids (TSS) are possible factors of decline in terms of water
column impacts for the Duwamish River, Lower Green River, Mill Creek and Springbrook
Creek. However, no data were available for the duration of exposure, so it is difficult to
determine the extent to which TSS is of concern. TSS may be a concern in terms of
sedimentation in some areas, but this was outside the scope of this study, and would be
better characterized by analysis of sediment deposition or embeddedness.

Based on the King County Streams water quality data evaluated from 1996 to 1999, pH,
ammonia, and metals are unlikely to be factors of decline for salmonids at the locations
anayzed. Ammonia may be a factor of decline in the Mill Creek basin based on data
collected between 1990 and 1991 by King County. Metals (cadmium, chromium, copper,
mercury, and zinc) may be of concern in Springbrook Creek based on sampling carried out
by Ecology and King County (Metro) between 1984 and 1990 that led to its listing on the
303(d) list. It is possible that there are localized areas near stormwater outfalls to smaller
tributaries where metals could also be of concern.

No data were available to assess to what extent organic chemicals such as pesticides,
polycyclic aromatic hydrocarbons (PAHSs), and phthalates are a factor of decline for
salmonids.

1 Mill Creek (also known as Hill Creek) flows through the City of Auburn and will hereafter be referred to as Mill
Creek throughout this report.
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8. In the Duwamish Estuary, risks to water column dwelling organisms are minimal; however,
there are potential risks to benthic organisms from severa chemicals in the sediments, most
notably bis(2-ethylhexyl)phthalate, 1,4-dichlorobenzene, mercury, polycyclic aromatic
hydrocarbons (PAHSs), PCBs, and tributyltin (TBT) (King County, 1999). Risks to the
benthic community can potentialy translate to risks to salmonids via food-chain transfer
(bioaccumulation in prey), reduction in function of immune systems, or from potential
toxicity to prey organisms (reduction in available food).

9. Biological monitoring of macroinvertebrates in the Soos Creek basin (1995-98) found highly
variable conditions. Five of eight stations monitored had benthic index of biotic integrity (B-
IBI) scoresin the fair range, two were in the poor range and one station was in the very poor
range. Seven stations monitored in 1999, located throughout the mainstem of the Green
River all had B-IBI scores in the fair range. Mill (Kent) and Meridian Valey creeks had B-
IBI scoresin the very poor range.

10. Although aluminum concentrations often exceed the EPA national criterion throughout the
watershed, this does not necessarily indicate aluminum is a factor of decline. Measurements
of total aluminum include several forms, such as aluminum that is occluded in mineras, clay
and sand or is strongly sorbed to particulate matter, that are not toxic or are not likely to
become toxic under natural conditions (U.S. EPA 1988). Therefore, this criterion may be
overprotective when based on the total recoverable method because the digestion procedure
dissolves some aluminum that is not toxic and cannot be converted to a toxic form under
natural conditions (U.S. EPA 1988).

Table WQ-EL1. Projected water quality factors of decline based on data evaluated in this report.

Parameter g‘% ° Q :;U)) T EZ S, % gL E o

Subbasin 25 ~ = E © 2 =5 g"®
Upper Green Possible Unknown | Unlikely | Unknown | Unknown Unknown | Unknown
Middle Green Possible Possible Unlikely | Unlikely Unlikely Unlikely Unknown
Lower Green Probable Possible Possible | Unlikely Unlikely Possible | Unknown
Duwamish Probable Possible Possible | Unlikely Unlikely Possible | Unknown
Crisp Possible Possible Unlikely | Unlikely Unlikely Unlikely Unknown
Newaukum Possible Probable | Unlikely | Unlikely Unlikely Unlikely Unknown
Soos Probable Probable | Unlikely | Unlikely Unlikely Unlikely Unknown
Mill (Hill) Probable Probable | Possible | Unlikely Possible Unlikely Unknown
Springbrook (Black R.) | Possible Probable | Possible | Unlikely Unlikely Possible | Unknown
* Due to lack of data on duration for TSS, further investigation is needed for all locations
TBD = To be determined.
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Table WQ-E2. Detailed water temperature and dissolved oxygen projected factors of decline®.
Parameter Temperature Dissolved Oxygen

Subbasin Migration Rearing Spawning® Rearing Incubation®

Upper Green * Unlikely Unlikely Possible Unlikely Unknown

Middle Green Unlikely Possible Possible Unlikely Possible

Lower Green Possible * Probable N/A Possible N/A

Duwamish Possible * Probable N/A Possible N/A

Crisp Creek Unlikely Possible Possible Unlikely Probable

Newaukum Unknown * Unknown * Possible Probable Probable

Soos Possible * Probable Probable Probable Probable

Hill/Mill Possible * Probable Probable Probable Probable

Springbrook Unknown * Possible Possible Probable Probable

(Black River)

! This evaluation does not include temperature and DO requirements for bull trout.

2 Proposed spawning and incubation standard only applies from Sept 15 to June 1.

8 Migration exceedances only occurred during July/August; therefore, only possible concern if salmonids migrating

upstream at this time.

* No continuous temperature data were available to determine whether this was a factor of decline (other determinations

for Newaukum and Springbrook based on discrete data).

N/A = Not applicable; salmonids are not known to spawn in the Lower Green or Duwamish subbasins.

DATA GAPS

This section summarizes some of the data gaps that exist for the mainstem and major tributaries

based on the findings of this report.

1. Spatial availability of water quality data. The spatial availability of water quality data is

Page 1.2-6

highly variable across the watershed. There is a paucity of sampling locations for the
mainstem of the Green River, with only four sampling stations between the Duwamish River
(RM 11) and the Tacoma diversion dam (RM 61). Conversely, some tributaries such as
Newaukum and Soos creeks have a dense spatial representation, with 18 and 17 sampling
stations, respectively. Such sparse coverage in some subbasins could potentially overlook
some areas with impaired water quality in the Green River, and result in greater uncertainty
in this assessment.

Lack of continuous temperature data for some subbasins. There is a lack of continuous
temperature data for the mainstem and several tributaries. Continuous data are necessary to
determine maximum daily temperatures and the duration of temperature exceedances that
have the greatest potential to impact salmonids. For example, temperature conditions in
Crisp Creek were determined to be unlikely as a factor of decline based on routine monthly
monitoring. However, examination of continuous temperature data indicated somewhat
frequent small exceedances of the proposed rearing and spawning standards leading to a
possible factor of decline determination.

No or insufficient data for some parameters. Data are lacking for many of the water
quality parameters that may adversely affect salmon. Available TSS data do not include any
information on the duration of exposure, which is needed to evaluate accurately potential
effects on salmonids. In an urban watershed with extensive commercial and industrial
development characteristic of the Lower Green River and Duwamish River segments, other
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parameters that could be of concern include metals, pesticides and herbicides, PAHs, and
phthalate esters. There is a shortage of data available for these parameters in the water
column. Most of the existing datais for sediments.

4. Lack of baseflow data for metals. The mgority of the ambient metals data in the Green
River watershed were collected as part of the stormwater monitoring program; therefore,
baseflow metals concentrations are generally unknown. Furthermore, between 1996 and
1999, metals data were available in only seven locations in the watershed. Therefore, the
subbasins are not well characterized for metals with the current data.

5. Noor insufficient data on additive or synergistic effects. There is insufficient information
on the combined effects of toxicants, such as metals or organic chemicals, on salmonids.
Additivity is the characteristic property of a mixture of toxicants that exhibits a total toxic
effect equal to the arithmetic sum of the effects of the individual toxicants (U.S. EPA 1991).
Synergism is the characteristic property of a mixture of toxicants that exhibits a greater-than-
additive total toxic effect (U.S. EPA 1991).

6. Poor or insufficient data on aquatic insects. Unlike chemical data that yield a snapshot of
aguatic conditions at the time of sampling, aguatic insects provide an integrated view of
overall water quality conditions at a given location. Unfortunately, the only available aguatic
insect data (as measured by B-IBI) in the Green River basin was for the Soos Creek subbasin
from 1995, 1997, and 1998, and from selected stations on the Green and two tributaries in
1999. Thus, thisis a data gap for the basin as awhole.

7. Historic water quality limitations for salmonids. There is a need to define closer links
between water quality data and site conditions with the historic, current, and potential future
distribution of salmonids. It is likely that water quality conditions limited salmonid
distribution in the past, even without extensive human activities. For instance, DO and
temperature conditions in areas with extensive open water wetlands may not be compatible
with fish presence. Also, the DO and temperature requirements for salmonid migration,
rearing, and spawning/incubation vary considerably.

8. Lack of reference stream site information. There is an interest in having reference sites
based on different geomorphic systems to define background water quality conditions.
Without reference sites, it is difficult to define the relative contribution of anthropogenic
activities to degraded water quality conditions.
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1. INTRODUCTION

This report provides an assessment of the water quality conditions in the Green/Duwamish
watershed focusing on water quality concerns for anadromous and resident salmonids. The
specific objectives of the report are as follows:

To identify subbasing/streams with impaired water quality and what parameters are likely
causing the impairment;

To identify subbasing/streams with good water quality and what parameters are not likely
to be of concern;

To categorize parameters as possible, probable, unlikely, or unknown water quality factors
of decline for salmonids;

To identify trends in water quality conditions, where possible;
To summarize water quality impairment based on Washington State’s 303(d) listings; and

To identify major water quality data gaps for potential future investigations.
SCOPE

The scope of this report includes an assessment of water quality in the mainstem of the Green
River and Duwamish Estuary, as well as the magor tributaries to the Green River. These
tributaries include the Newaukum Creek subbasin, Crisp Creek, Soos Creek subbasin, Mill/Hill
Creek subbasin, and Black River (Springbrook Creek) subbasin (Figures WQ-1 through WQ-3).
The scope does not include an assessment of tributaries in the upper Green River or the
Duwamish Estuary, nor does it include the independent tributaries to Puget Sound or Elliott

Bay.?

The water quality assessment is based on existing water quality reports and from analysis of
water quality data collected during the past four years (1996-1999). Summaries from existing
water quality reports (published within the past decade) are presented for different segments of
the mainstem and its tributaries, where available. Current water quality conditions are
characterized from recent water quality data from the King County Streams monitoring program
and samples collected by the Muckleshoot Indian Tribe Fisheries Department (MITFD) for the
Newaukum and Soos subbasins. To ensure that the summary accurately reflects existing and not
historical conditions, only the last four years of data were evaluated. Therefore, al of the data
included in this summary were collected between October 1996 and December 1999. These data
were collected as part of routine monthly stream monitoring or targeted monitoring of streams
during storm conditions. New data were not collected as a part of this evaluation.

This report focuses on water quality parameters that may cause direct toxicity or harm to
salmonids. These parameters include temperature, dissolved oxygen (DO), total suspended solids

2 King County’s Central Puget Sound Team is conducting a separate evaluation of water quality in Elliott Bay and
the independent tributaries to Puget Sound.
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(TSS), pH, ammonia, and metals. This report does not assess to what extent temperature
conditions are a concern for bull trout, because of a lack of sufficient data and information on
bull trout distribution in the watershed. Data were not readily available for other parameters,
such as organic chemicals (e.g., pesticides), that may also cause direct toxicity, or direct and
indirect adverse impacts to salmonids. Other water quality parameters, such as increased levels
of nitrate, phosphorus, and fecal coliforms can result in water quality concerns, however, they
were not evaluated in this report as they are not thought to have direct effects on salmonids.

To assess whether water quality may result in conditions that are known to be or may be a factor
of decline for salmonids, water quality data were compared to Washington State water quality
standards (WAC 173-201A), the proposed new state water quality standards for temperature and
DO, EPA water quality criteria and appropriate toxicity screening thresholds from the scientific
literature.

In addition, stream segments throughout the Green/Duwamish watershed that are listed on the
State’'s 1998 303(d) list of impaired water bodies are identified. Section 303(d) of the Clean
Water Act requires the State to identify those water bodies that do not meet water quality
standards. The State is then responsible for prioritizing the list and developing Total Maximum
Dally Loads (TMDLSs) for every water body and pollutant on the list. Some segments in the
Green/Duwamish watershed are also listed for sediments and tissues, but they are beyond the
scope of this report.

REPORT ORGANIZATION

Following this section, the report includes an overall discussion on the available water quality
data (section 2). Section 2 presents the locations of the sampling data, more detail on the
parameters evaluated and a summary of the major data gaps common throughout the report.
Section 3 is a brief summary of the available biological data used in this report. Section 4
presents the existing and proposed Washington State water quality standards and EPA water
quality criteria used in this report. For those parameters without standards, a summary of the
toxicity thresholds used from the scientific literature is presented. Finaly, Section 4 presents a
summary of the 303(d) listed waterbody segments in the Green/Duwamish Watershed. Section 5
presents the detailed water quality assessment by subbasin. The subbasins include the mainstem
(Upper, Middle and Lower Green River, and the Duwamish River) and five tributaries (Crisp,
Newaukum, Soos, and Mill (Hill) creeks, and the Black (Springbrook) River).

2. AVAILABLE WATER QUALITY DATA

Most of the water quality data used in this report for the Green/Duwamish watershed has been
collected by King County Department of Natural Resources (previously Metro), but data has also
been collected by the Department of Ecology, MITFD, USGS, Corps of Engineers, Port of
Seattle, Boeing, City of Tacoma, and selected cities within the basin. For the existing conditions
anaysis in this report only the King County, MITFD, and City of Tacoma data were used,
because they were recent (1996 to 1999), readily available, and in a useable format. A variety of
reports and studies containing water quality data were also available for specific sub-basins. The
more recent studies are summarized in this report. Students at Green River Community College
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sampled water on several occasions in the 1980s, but there is little documentation of these data
and no available QA/QC, so it was not used in the following analysis.

King County (Metro) has been sampling in the Green/Duwamish watershed for a variety of water
quality parameters since 1970. In the mid-1970s, it was recommended that Metro institute an
ongoing program to monitor water quality in the 26 subbasins within the western third of King
County (Metro 1978). The goa of the monitoring program was to provide information about
local surface waters in the Seattle Metropolitan area in support of programs designed to protect
water quality and abate water pollution. Fourteen stations in the Green River basin have been
monitored as part of this program since the mid-1970s.

The frequencies of sampling and types of indicators measured have varied over the years, but
samples have been collected at least monthly. Samples for the King County Streams Monitoring
Program were collected beneath the water surface, in the top meter and as close to the center of
the channel as possible. For the Duwamish River Water Quality Assessment (King County
1999), King County aso collected samples at depth (one meter above bottom to a maximum
depth of 20 meters) and near the banks in the Duwamish River.

SAMPLING LOCATIONS AND FREQUENCY

Water quality data were available from 66 |ocations throughout the Green River basin as part of
the King County Streams Monitoring Program, MITFD and the City of Tacoma Public Utilities
Water Quality Division monitoring programs for the time period investigated (1996-1999). King
County and MITFD sampling occurs routinely as part of monthly monitoring (typically during
ambient flow conditions) and specifically during storm conditions. Although most data were
collected during both ambient and storm conditions, the maority of the metals sampling
occurred only during storm conditions. Storms are characterized by at least 0.25 inches of rain
within a 24-hour period with at least 24 hours of dry antecedent conditions. City of Tacoma
monitoring occurred on aweekly basis. Figures WQ-1 through WQ-3 identify all of the sampling
locations analyzed in this report from the King County and Muckleshoot Indian Tribe Streams
Program as well as the City of Tacoma Public Utilities Water Quality Division. All data used
were from samples collected between October 1996 and December 1999. In addition, continuous
temperature monitoring data were available for stations in the Soos Creek (Covington, Jenkins,
Little Soos, and Soosette), Mill Creek and Crisp Creek subbasins from the King County Stream
Gauging Program and USGS (Big Soos Creek).

SUMMARY OF PARAMETERS INCLUDED IN ANALYSIS

This report focuses mostly on those water quality parameters that are potential water quality
factors of decline for salmonids, based on the scientific literature or where water quality
standards have been promulgated. It does not contain areview of all water quality data collected
in the watershed. For instance, fecal coliforms are the most common water quality parameter
listed on the 1998 303(d) list in the watershed, but because fecal coliforms are thought to not
adversely affect fish, they are not discussed in this report.

Parameters covered in this report include:

Conventionals (temperature, dissolved oxygen, pH, turbidity and total suspended solids);
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Ammonia-nitrogen, and
Metals (such as copper, cadmium, and zinc).

Other parameters that are known to adversely affect fish, but for which little or no data were
available or standards not developed (e.g., pesticides, petroleum aromatic hydrocarbons (PAHS)
and phthalates), are not analyzed in this report. The only exception was pentachlorophenal,
where data from the Duwamish River were compared with marine standards.

DATA GAPS

The spatial availability of water quality data is highly variable across the watershed. There is a
paucity of sampling locations for the main stem of the Green River for which King County data
are available, with only four sampling stations between the Duwamish River (RM 11) and the
Tacoma diversion dam (RM 61). There are two sampling stations in the Lower Green River
gpanning 21 miles, and only two stations in the Middle Green River, spanning 29 miles.
Conversely, some tributaries such as Newaukum and Soos creeks have a dense spatial
representation, with 18 and 17 sampling stations, respectively. Such sparse coverage in some
subbasins could potentially overlook some areas with impaired water quality in the Green River,
and result in greater uncertainty in this assessment.

There are probably sufficient data to characterize temperature, DO, pH, and ammonia at each of
the sampling locations for purposes of assessing preliminary areas of concern for salmonids.
However, as noted above, the current station locations do not yield adequate spatial coverage.
Continuous temperature data exist for only some subbasins; thus, for other subbasins, it was not
possible to determine maximum temperatures and the duration of temperature exceedances that
have the greatest potential to impact salmonids.

Data are lacking for many of the other water quality parameters that may adversely affect
samon. In an urban watershed with extensive commercia and industrial development
characteristic of the Lower Green River and Duwamish River segments (RM 0 — 32), typical
parameters that can be of concern include metals, pesticides and herbicides, PAHs, TSS, and
phthalate esters. Potential sources of these pollutants in stormwater and CSOs are described
below:

Metals can originate from a variety of sources including exposed metal surfaces, treated
lumber and vehicles, including brake pad residues and tires.

Pesticides and herbicides (e.g., 2,4-D, Diazinon, Malithion) applied to crops and
landscaping can be transported into nearby streams via wind drift and stormwater runoff.
This is an issue for agricultural areas such as those in the Middle Green River basin, as
well as commercial and residential areas in the more developed portions of the basin
(Hoffman et al. 2000).

PAHSs are formed as the result of incomplete combustion of organic compounds with

insufficient oxygen (U.S. EPA 1980a), and have been detected in cigarette smoke and
gasoline exhaust condensates (U.S. EPA 1980b).
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Phthalate esters are alarge group of chemicals used primarily as plasticizers, which can be
present in concentrations up to 60 percent of the total weight of a plastic. Phthalate esters
are loosely linked to the plastic polymers and are easily extracted (Mathur 1974 as cited
by U.S. EPA 1980c).

In sub-basins with extensive impervious surface coverage, such as the Lower Green River,
TSS is a concern due to washoff of urban surfaces as well as increased stormwater runoff
which can lead to instream erosion. However, because TSS effects are highly dependent
on the duration of exposure, information on both concentration and duration are needed to
evaluate its effects to salmonids.

Concentrations of pesticides and herbicides in surface water are expected to be highest in highly
developed areas (including areas with extensive homeowner usage) and where there are intensive
agricultural activities (such as in the Middle Green River basin) (Hoffman et a. 2000). There is
also some pesticide use in the Upper Green River basin along access roads and utility rights-of-
way. There likely are fewer sources of metals, PAHs, phthalate esters and TSS in the less
developed areas, however, these parameters should be evaluated to characterize the baseline and
upstream conditions.

The mgjority of the metals data in the Green River watershed were collected as part of the
stormwater monitoring program; therefore, baseflow metals concentrations are generally not
available. Furthermore, between 1996 and 1999, metals data were available in only seven
locations in the watershed. Therefore, the subbasins are not well characterized for metals with
the current data.

3. AVAILABLE BIOLOGICAL DATA

King County uses a method called the Benthic Index of Biotic Integrity, or B-I1BI, as a “report
card” for measuring the health of the benthic aquatic insect community and for the stream
ecosystem as a whole (Fore et a. 1997). Data are limited for the Green River basin, but the B-
IBI measure still provides a useful tool to compare different subbasins with one another.

BENTHIC INDEX OF BIOTIC INTEGRITY

The B-1BI is composed of ten “metrics’ (Fore et al. 1997). Metrics measure different aspects of
stream biology, including the diversity of species, abundance of certain species,
presence/absence of species that are tolerant and intolerant to pollution, their reproductive
strategy, feeding ecology, and population structure. Each metric is assigned avalue of 1, 3, or 5
depending on what species are present at a site. A score of 5 is used to indicate little or no
degradation, a score of 3 to indicate moderate degradation, and a score of 1 to indicate severe
degradation. All ten metric scores are added together to get a value ranging from 10 to 50. A
score of 46-50 is generaly considered excellent, 38-44 good, 28-36 fair, 18-26 poor and 10-16
Very poor.

It is important to note that scores vary across a watershed and region based on a combination of
physical conditions and water quality. The type of substrate, flow, and riparian buffer/vegetation
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can influence the B-1BI in addition to water quality conditions (e.g., temperature, DO, TSS,
metals).

SAMPLING LOCATIONS

Aquatic insect data were collected at eight locations by staff from King County in the Soos
Creek subbasin on two or three occasions in 1995, 1997 and 1998. Additionally, data were also
collected by volunteers in 1999 under the direction of the SalmonWeb program (Salmon Web
2000). Seven locations on the mainstem of the Green River, one location on Mill Creek (Kent) in
the Black River Basin, and one location on Meridian Valey Creek in the Big Soos Creek
subbasin were sampled. SalmonWeb (2000) noted that the protocols use sampling methodologies
and scoring criteria developed and calibrated for small streams (2™ to 4™ order), and for this
reason the results for the Green River should be considered preliminary. Results of the biological
monitoring are presented in the subbasin sections below.

4. IDENTIFICATION OF WATER QUALITY STANDARDS

Throughout this chapter, references are made to various water quality standards for comparison
purposes. These include: (1) Water Quality Standards for Surface Waters of the State of
Washington, Chapter 173-201A WAC, (2) National Recommended Water Quality Criteria for
Priority Toxic Pollutants (63 FR 68354-68364), and (3) 1999 Update of Ambient Water Quality
Criteriafor Ammonia (U.S. EPA 1999). In addition, comparisons are a'so made with Ecology’s
proposed use-based standards for temperature (Hicks 2000a) and DO (Hicks 2000b) that take
into account requirements of salmonids for rearing, spawning and incubation. These new
standards are scheduled for public hearing in March 2001 and scheduled for adoption by August
2001. Thus, they are still undergoing stakeholder review and agency consideration. For
indicators where no water quality standards exist, some comparisons are made with other streams
or toxicity values from the scientific literature.

STATE WATER QUALITY DESIGNATIONS AND BENEFICIAL USES

The Water Quality Standards for Surface Waters of the State of Washington (Chapter 173-201A
WAC) provides a set of classifications for water bodies in the state, ranging from Class AA
(extraordinary) to Class C (fair) based on the “beneficial uses’ of the water, or what uses the
water might support. The beneficial uses describe allowable water uses (domestic, industrial,
agricultural), salmon fishery uses (migration, rearing, spawning, harvesting) and contact
recreation (swimming, wading) for each classification. Table WQ-1 summarizes the state water
quality beneficial uses for each classification.
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Table WQ-1. Water quality beneficial uses for surface waters of the State of Washington.
Class AA Class A Class B
(Extraordinary) (Excellent) (Lower (Good)
Characteristic/WQ Parameter (Upper Green R.) Green R)) (Duwamish R.)
Allowable Water Uses Domestic Domestic Industrial
Industrial Industrial Agricultural
Agricultural Agricultural
Salmonid Uses Migration Migration Migration
Rearing Rearing Rearing
Spawning Spawning Harvesting
Harvesting Harvesting
Contact Recreation Primary(swimming) | Primary(swimming) | Secondary (wading)

The Duwamish River, from its mouth at Elliott Bay to the confluence with the Black River (river
mile 11.0) is designated Class B. The lower and middle Green River is designated Class A from
river mile 11.0 to river mile 42.3 at Flaming Geyser State Park. From river mile 42.3 to the
headwaters, the Green River is designated Class AA. The Black River, Mill Creek, Soos Creek,
Crigp Creek, and Newaukum Creek subbasins are all designated Class A. All tributaries to the
Green River above river mile 42.3 are designated Class AA (see Figures WQ-1 through WQ-3
for river mile markings).

STANDARDS FOR WATER QUALITY PARAMETERS

In this section, the various standards/criteria and toxicity thresholds from the scientific literature
used in this assessment are presented. Wherever possible, the water quality data were compared
to state and federal standards to estimate which parameters at specific locations may potentially
be of concern for salmonids. The National Marine Fisheries Service and U.S. Fish and Wildlife
Service have raised the issue of whether water quality standards are adequate to protect listed
salmonids. Ecology is proposing new use-based state standards (with salmon-specific thresholds)
to address these concerns. [It is important to note that these standards (based on rearing,
spawning and incubation needs for salmonids) have not yet been adopted.] A description of the
standards and thresholds used in this report to characterize the existing conditions is provided
below.

The state water quality standards contain numerical and narrative standards. Numerical standards
consist of minimum levels or concentrations of specific water quality parameters that are
established to protect aquatic biota and support beneficial uses. Different levels or concentrations
have been established for temperature, turbidity, pH, DO, and feca coliform bacteria based on
the beneficial uses for various water quality class designations. For other parameters, such as
metals and organic chemicals, the concentrations do not change based on the designated
classification. Table WQ-2 summarizes the numeric state water quality standards for
temperature, turbidity, pH, DO and feca coliforms in freshwater for each of the three
classifications present in the Green/Duwamish watershed.
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Table WQ-2. Water quality standards for freshwater based on beneficial use classification.

Class AA Class A Class B
Characteristic/ (Extraordinary) (Excellent) (Good)
WQ Parameter (Upper Green Ri.) (Lower Green Ri.) (Duwamish Ri.)
Temperature (°C) <16 <18 <21
pH 6.5-85 6.5-85 6.5-85
Dissolved Oxygen >95 >8.0 >6.5
(mg/L)
Turbidity (NTU) < 5 over background when <50 < 5 over background when < 10 over background
NTU, <10% increase when over <50 NTU, <10% increase when <50 NTU, <20%
50 NTU when over 50 NTU increase when over 50
NTU
Fecal Coliforms GM < 50, not more than 10% GM < 100, not more than GM < 200, not more than
(Colonies/100mL) | over 100 10% over 200 10% over 400

Narrative standards are designed to protect beneficia uses in the absence of numeric criteria
Narrative standards can be used to establish levels of protection for parameters where numeric
standards do not exist and to enforce the states antidegradation policy (Chapter 173-201A-070
WACQ).

More detailed discussions of these standards are presented below. Also included in these detailed
discussions are the proposed use-based standards for temperature and DO, the metals standards,
and the toxicity thresholds from the scientific literature for those parameters lacking state or
federal standards.

TEMPERATURE

Existing state temperature standards are based on the surface water classification (see Table
WQ-2). In addition to these, there are marine water standards that were used for the Duwamish
Estuary. For marine water, Class B surface waters (Duwamish River) shall not exceed 19°C;
there are no Class A or Class AA marine surface waters in the Green/Duwamish watershed.
Analysis in support of Ecology’s proposed use-based® standards has determined that the existing
standards are inadequate to fully protect all aguatic communities (Hicks 2000a). Therefore,
severa new dternative temperature standards have been proposed. Ecology’s preferred
aternative is as follows:

Waters used for spawning by Pacific salmon, steelhead trout, or cutthroat trout: Human-
caused conditions and activities are not to cause temperatures to exceed 15 °C as a moving
7-day average of the dailly maximum temperatures, with no single daily maximum
temperature greater than 17.5 °C from June 1-September 14; and 12 °C as a 7-day average
of the daily maximum temperatures; with no single daily maximum temperature exceeding
14.5 °C during the period from September 15-May 31.

3 Applying use-based standards requires that waterbodies be assigned to appropriate use-categories, such as char
spawning or salmon spawning, etc. Not all use-category definitions are detailed here (e.g., char spawning, warm
water species spawning) as they are either not applicable to the Green-Duwamish watershed or superceded by a
more stringent use-category standard.
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Waters used for rearing, migration, or holding by adult or juvenile Pacific salmon,
steelhead trout, or cutthroat trout: Human-caused conditions and activities are not to cause
temperatures to exceed 15 °C as a moving 7-day average of the daly maximum
temperatures, with no single daily maximum temperature greater than 17.5 °C.

In the Green/Duwamish Watershed, salmonid spawning starts at RM 24 in the Lower Green
River and continues upstream. Salmonid spawning does not occur in the Duwamish River
because of severa factors, including the influence of the saltwater wedge that extends up to the
turning basin (RM 11). Therefore, in this analysis the spawning temperature standard was
applied to al subbasins except for the Duwamish River. The rearing standard was applied to all
subbasins including the Duwamish River.

Seven-day average temperature data were not available for many of the stations being evaluated.
For such stations, discrete data were compared with the 17.5°C and 14.5°C single daily
maximum proposed standards for rearing and spawning waters, respectively. Daily maximum
temperatures rising above 21°C are widely cited as causing a barrier to migrating adult chinook
salmon (Hicks 2000a). When applicable, this migration threshold was included in the analysis.
Where continuous temperature data were available, data were compared with the 15°C and 12°C
7-day average daily maximum for rearing and spawning waters, respectively. This report does
not assess to what extent temperature conditions are a concern for bull trout, because of alack of
sufficient data and information on bull trout distribution in the Green/Duwamish Watershed.

DISSOLVED OXYGEN

As with temperature, current state DO standards are based on the surface water classification
(see Table WQ-2). There are also marine water quality standards for DO that were used for the
Duwamish Estuary. For marine water, Class B surface waters (Duwamish River) shall exceed 5
mg/L DO. Again, however, Ecology has re-evaluated the existing DO standards (Hicks 2000b)
and proposed new use-based standards. Ecology’s preferred aternative is as follows:

During the incubation period for salmonids (in areas used for spawning), human-caused
conditions and activities are not to cause daily minimum DO levels in the water column to
fall below 10.5 mg/L. [The period from September 15 to May 31 should be used to apply
the incubation criteria where more accurate waterbody-specific information is unavailable.
Where such knowledge exists, the site-corrected incubation period should be formally
noted in the water quality standards for the waterbody.]

During al other times of the year or for waters used by salmonids for life-stages other
than incubation, human-caused conditions and activities are not to cause daily minimum
DO levelsin the water column to fall below 8.0 mg/L.

Chinook eggs will incubate for the period from October into February depending upon spawning
date and water temperature (Williams et a. 1975). However, in order to account for other
salmonids spawning in the Green/Duwamish Watershed, this analysis adopted the Ecology
defined incubation period of September 15" through May 31% (Hicks 2000b) for purposes of
comparing water quality data to DO standards. However, some salmonids (e.g., winter and
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summer steelhead) may have incubation periods that overlap the June 1 through September 14"
window.

In this analysis the incubation temperature standard was applied to al subbasins except for the
Duwamish River from September 15" through May 31%. The rearing standard was applied year-
round to all subbasins except the Duwamish River.

TURBIDITY / TOTAL SUSPENDED SOLIDS

Standards are established for turbidity based on surface water classification (see Table WQ-2).
Application of this standard for discharges requires concurrent measurement of upstream (i.e.,
background) turbidity, and either discharge turbidity or turbidity in the downstream receiving
water (Austin personal communication 2000). No concurrent data for upstream and downstream
locations were available for point sources; therefore, the potential impacts of turbidity could not
be quantified for this analysis.

As an dlternative, we used total suspended solids (TSS) data to evaluate adverse effects to
salmonids from suspended sediments in the water column. In addition, most of the studies
conducted on the effects of suspended sediments measure TSS rather than turbidity. Because
Ecology does not have water quality standards for TSS, data were used from the scientific
literature to establish thresholds for salmonids.

Suspended sediment generally includes particles less than 0.25 mm (Newcombe and Jensen
1996), and is usually measured in mg/L. Various recommendations of what levels are adequate
for fish protection have been proposed (NAS 1973, U.S. EPA 1976, EIFAC 1964, Alabaster and
Lloyd 1982, U.S. EPA 1986, Lloyd 1987). Among these documents the most frequently-cited
level of suspended sediment below which adverse effects to fish are unlikely to occur was 25
mg/L (Lloyd 1987).

Recent reviews of the available literature have determined that the duration of the exposure for
salmon is equally as important as concentration relative to toxicity (Newcombe and Jensen
1996). Therefore, one cannot evaluate the effects of a specific suspended sediment concentration
without considering its duration. For example, extremely high pulses (>1000 mg/L) can be
sustained for several days, but sub-lethal and adverse behavioral effects can be important for
streams that exhibit chronic (long-term) suspended sediment loading even at relatively low
concentrations (around 20 mg/L). Sub-lethal effects could be expected from exposure to 31 mg/L
for a period greater than three to seven hours, or from a 215 mg/L exposure over a period greater
than one hour (Newcombe and Jensen 1996).

Another adverse effect of increased suspended sediments on salmonids is an increase in the
concentration of fine sediments in the streambed substrate. Fine sediments adversely affect
survival during egg incubation by coating egg surfaces or by clogging interstitial gravel spaces
and reducing water flow (i.e., reduction in dissolved oxygen) or trapping emerging fry (Chapman
1988). In addition to direct mortality, fine sediments can result in delayed emergence or smaller
fry (Chapman 1988). Furthermore, fine sediment can affect fry surviva by filling the interstitial
areas between cobbles and other small-sized substrate and thereby reducing important hiding
places for rearing fish. Fine sediment is aso know to negatively affect macroinvertebrate
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communities (May et al. 1997), because of the reduction of available surface area and interstitial
areas used as cover (Cordone and Kelly 1961). Therefore, fine sediment also indirectly impacts
rearing salmonids by reducing important prey items. The water quality data evaluated for this
study do not have information on fine sediments in the streambed substrate, so this will not be
evaluated in this report.

pH

The current state pH standards for freshwater are 6.5 to 8.5 for all classifications (see Table WQ-
2). As with temperature and DO, there are a'so marine water standards that were used for the
Duwamish Estuary. For marine water, the pH standards are 7.0 to 8.5 for al classifications.
Direct effects to salmonids are not expected in this range, however the toxicity of some
chemicals (e.g., metals and ammonia) is greatly influenced by pH. Data were evaluated against
the state standard. Data were also used to help evaluate the ammonia and pentachlorophenol
toxicity standards and thresholds (see below).

AMMONIA-NITROGEN

In agueous solution, ammonia primarily exists in two forms, unionized ammonia (NHs) and
ammonium ion (NH,"). The state standards are based on the unionized fraction of ammonia
because it is much more toxic than ammonium ion (U.S. EPA 1986). Unionized anmonia is the
more toxic form because it is a neutra molecule and thus able to diffuse across epithelid
membranes of aguatic organisms (e.g., fish gills) much more readily than the charged ion (U.S.
EPA 1998). The unionized fraction is both pH and temperature dependent; therefore the standard
is pH and temperature dependent. As pH and temperature increase, ammonia toxicity increases,
and the standards decrease. In addition, the standards change (i.e., become less stringent) if the
surface water is not used by salmonids. The standards used for this analysis are based on
salmonids being present.

In 1998, EPA revised the freshwater national ammonia water quality criteria to account for total
ammonia (both NH3z + NH,"). However, in developing the new chronic criteria, EPA excluded
the salmonid (i.e., rainbow trout) toxicity data because of variability in the study results. This
resulted in aless stringent freshwater chronic standard. Because of the uncertainty regarding the
level of protection of the new EPA chronic ammonia criteria for samonids, Ecology is
considering adopting EPA’s new acute criterion®, while maintaining their existing chronic
criterion (C. Neimi personal communication 2000). Therefore, both the existing state standards
and the new EPA criteriawere used in this anaysis.

Available pH and temperature data for the Green River watershed were averaged for each sample
location to develop acute and chronic ammonia freshwater standards specific to each location.
Depending on the receiving water’s pH and temperature, EPA standards in freshwater ranged
from 2.86 to 38.99 mg/L (acute) and 1.40 to 7.09 mg/L (chronic). When converted to total
ammonia, state freshwater standards ranged from 2.38 to 35.80 mg/L (acute) and 0.75 to 2.70
mg/L (chronic). For the Duwamish River, conservative state and EPA marine standards were
used representing the worst-case combination of pH, temperature and salinity based on the 1996

* The 1999 EPA acute criterion continues to incorporate salmonid toxicity data; only the 1999 chronic criterion
excluded it.
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to 1999 data. When converted to total ammonia, the acute marine standard was 1.3 mg/L and the
chronic marine standard was 0.2 mg/L.

METALS AND PENTACHLOROPHENOL

In fish, a exposure concentrations that produce acute effects, gills are the principal site of
toxicity (Evans 1987, Wood 1992). Gill function includes gas exchange and active ion uptake to
counter ion changes down their electrochemica gradients. Metals bind to anionic sites on the
gills and disrupt gill transport functions. If a metal cannot bind to the site of uptake, it will not be
acutely toxic (Bergman and Dorward-King 1997).

Measurement of the total recoverable metal (TRM) includes some fraction of the meta that is
bound to suspended solids or is strongly complexed with organic matter or other ligands and
cannot bind to gill receptor sites. Therefore, standards for the majority of the metals are based on
the dissolved fraction of the metal, as opposed to the TRM, as it more closely approximates the
metal’ s bioavailable fraction, and thus, its toxicity (Prothro 1993, U.S. EPA 1993). On the other
hand, metals bound to suspended solids may settle and contribute to sediment metal loads. These
sediments may be incidentally ingested by salmonids or accumulate into benthic organisms and
thus enter into the food chain. However, mechanisms of chronic toxicity from dietary exposure
are not understood and therefore beyond the scope of this analysis.

The National Recommended Water Quality Criteriafor Priority Toxic Pollutants were devel oped
by EPA and subsequently adopted by Ecology for Washington State. Both acute (short-term) and
chronic (long-term) criteria have been established for various metals and organic chemicals in
fresh and marine waters. The acute standards are based on short-term toxicity tests evaluating
lethal endpoints and reflect the highest surface water concentration to which aquatic life can be
exposed for a brief period of time without causing unacceptable mortality levels. The chronic
standards are based on long-term sub-lethal toxicity tests with endpoints such as survival,
growth, reproduction and development, and reflect the highest instream concentration of a
toxicant to which aguatic life can be exposed indefinitely without causing an unacceptable effect
(U.S. EPA 1991).

The state water quality standards for metals and pentachlorophenol are listed in Table WQ-3. As
noted in the table, a number of the freshwater standards are dependent on the hardness of the
receiving water. The water hardness affects the bioavailable® fraction of the metal. As the
hardness increases, the metal is less bioavailable, and therefore, less toxic. For those metals that
are hardness dependent, a hardness of 40.5 mg/L CaCO; was used for the Middle and Upper
Green River and their tributaries. This value was calculated from the average of all the available
calcium and magnesium concentration data (1996 through 1999) within the Green River
watershed.

® Bioavailability is the degree to which a contaminant in a potential source is free for uptake (movement into or onto
an organism) (Hamelink et al. 1994).
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Table WQ-3. State water quality standards for metals and pentachlorophenol (ug/L).
Freshwater Marine
Parameter Acute Chronic Acute Chronic
Aluminum, total 750%* 87** N/A N/A
Arsenic, dissolved 360 190 69 36
Cadmium, dissolved* 1.4 0.5 42 9.3
Chromium (VI), dissolved 15 10 1100 50
Chromium (lll), total* 261.6 84.8 N/A N/A
Copper, dissolved* 7.3 5.2 4.8 3.1
Lead, dissolved* 23.8 0.9 210 81
Mercury, dissolved 2.1 N/A 1.8 N/A
Mercury, total N/A 0.012 N/A 0.025
Nickel, dissolved* 658.4 73.1 74 8.2
Pentachlorophenol feieked *rk 13 7.9
Selenium, total 20 5 290 71
Silver, dissolved* 0.7 N/A 1.9 N/A
Zinc, dissolved* 66.3 60.6 90 8.1
*  Criteria hardness dependent. Value shown based on 40.5 mg/L CaCOs.
**  Chapter 173-201A does not contain numeric water quality criteria for aluminum, so the EPA water quality criteria for
aluminum is used.
*** Ereshwater pentachlorophenol standards were not included as no freshwater pentachlorophenol data were available.
N/A = not available.

Water quality data for metals and pentachlorophenol were compared to the standards shown in
Table WQ-3 to determine potential factors of decline for salmonids. The freshwater standards
were applied throughout the watershed, except for the Duwamish. In the Duwamish, at least 90
percent of the samples would be classified as marine according to WAC 173-201A-060 (salinity
of greater than or equal to one part per thousand). The small percentage of samples below one
part per thousand were measured either on the surface at the upper end of the Duwamish River or
during high river flows combined with low tides. However, it is unlikely that true freshwater
species will inhabit an estuarine environment where salinity exceeds one part per thousand over
90 percent of the time. Therefore, marine standards were applied in the Duwamish.

Because acute standards represent a one-hour average concentration not to be exceeded, the
maximum values for each of the parameters were compared to the acute water quality standards.
On the other hand, chronic standards represent the four-day average concentration not to be
exceeded. Therefore, arithmetic mean values (or geometric mean values when the coefficient of
variation was greater than 100 percent) were compared to the chronic water quality standards.

It is important to note that detection limits for some metals were higher than their corresponding
standards or criteria. For example, method detection limits for the selenium (50 pg/L) analyses
conducted prior to 1998 were greater than the state acute and chronic water quality standards for
freshwater (20 and 5 pg/L, respectively). In addition, method detection limits for aluminum (100
Hg/L) were greater than the EPA chronic freshwater criterion (87 pg/L). Where these metals
were not detected, comparisons to the appropriate standards or criteria could not be made, as the
true concentration was unknown. When detected, though, concentrations of these metals were
known to be higher than the appropriate standards or criteria, and the detection limits were not an
issue.
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Similarly, method detection limits for total mercury (0.2 pg/L) were greater than the state
chronic freshwater standard (0.012 pg/L). However, this standard is based on the protection of
human health from consuming fish and is lower than the levels associated with toxicity to
aguatic life, including salmonids (0.77 pg/L, 63 FR 68354-68364). Therefore, because mercury
was never detected in freshwater and the method detection limits are below levels associated
with toxicity to aquatic life, mercury in the water column is not expected to be of concern to
aquatic life, including salmonids.

DESIGNATION OF 303(D) LISTED WATER BODIES

Numerous stream systems throughout the Green/Duwamish watershed are listed on the State's
1998 303(d) list of impaired water bodies. Section 303(d) of the Clean Water Act (CWA)
requires the State to identify those water bodies that do not meet water quality standards. The
State is then responsible for prioritizing the list and developing Total Maximum Daily Loads
(TMDLY5s) for every water body and pollutant on the list. In the Green/Duwamish watershed,
water body segments have been listed for failing to meet water quality standards for one or more
of the following parameters: fecal coliform, temperature, DO, pH, anmonia, and water column
metals (cadmium, chromium, copper, mercury, zinc). The water bodies and parameters on the
1998 303(d) list are shown in Table WQ-4 and Figure WQ-4.

It is important to note that there has been no comprehensive assessment of water quality to
determine which water body segments do or do not meet water quality standards. The water
bodies on the 1998 303(d) list mostly reflect exceedances where water quality data have been
collected. It should not be inferred that all other segments meet water quality standards. Some
segments have been regularly monitored and meet water quality standards;, however, other
segments may exceed standards, but are not on the 303(d) list because they have never been
monitored. It is also important to note that Duwamish River sediments and tissues are also listed
on the 303(d) list for numerous metals and organic chemicals. This may be a significant issue for
salmonids; however, sediment quality is not the subject of this report.

Table WQ-4. Summary of Water Bodies and Parameters on 1998 303(d) List for Water.
Subbasin® Specific Water Body Parameters
Duwamish Waterway and pH, DO, Fecal coliform,
River
Lower Green River Temperature, Fecal coliform, Chromium, Mercury
Middle Green River Temperature, Fecal coliform
Upper Green River Temperature
Black River Springbrook Creek Temperature, DO, Fecal coliform, Cadmium,
Chromium, Copper, Mercury, Zinc
Hill (Mill) Creek Hill (Mill Creek) Temperature, DO, Fecal coliform
Mullen Slough Temperature, DO, Fecal coliform
Soos Creek Temperature, DO, Fecal coliform
Newaukum Creek DO, Fecal coliform, Ammonia-N
Crisp Creek Fecal coliform
t Only particular water bodies of these subbasins are on the 303 (d) list, based on the specific location of available water
quality data.
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5. WATER QUALITY ASSESSMENT BY SUBBASIN

The following section provides a summary of existing water quality conditions by subbasin for
four reaches along the mainstem and five tributaries. Each subsection has a brief description of
the physical information about the subbasin including location, watershed area, and land use,
followed by a summary of existing water quality reports for that subbasin, if available. While
some of the water quality information presented from existing reports is as much as 12 years old,
the information often represents good spatial coverage for the subbasin in comparison with
recent data. Next, data from the King County Streams program (1996-99) is presented and
comparisons are made to water quality standards and toxicity screening thresholds. This is
followed by a description of any available biological data. Finally, any subbasin-specific data
gaps are also identified if appropriate.

UPPER GREEN RIVER

For purposes of the Water Quality Assessment of the Green River, the watershed boundary for
the upper watershed was defined as Tacoma Headworks Dam. The Upper Green River watershed
drains approximately 231 square miles of mountainous and heavily timbered terrain above the
City of Tacoma s Headworks and Diversion Dam (RM 61). Land use in the basin is primarily
forest and used for commercia timber production and domestic water supply. There is limited
recreational use, primarily in the upper more remote sections of the watershed. Approximately
42 miles of gravel forest roads and up to 824 miles of road access exist within the basin to
support logging activities.

Erosion and its resulting impact on turbidity and suspended solids transport is an ongoing
concern in the watershed (King County 1989). Primary causes of erosion in the watershed
include logging activities, road construction and maintenance, landslides and breakdown of
stream channels during peak runoff periods (King County 1989). Application of herbicides for
vegetation control is carried out by several landowners along access roads and power line rights-
of-way in the basin, and in some instances for broad-leaf plant control after logging. The reach of
the Green River between the Tacoma diversion dam and the Howard Hanson dam (HHD) is
listed on the 1998 303(d) list for temperature.

Inflow temperatures to the HHD reservoir exceed 16°C during the summer in most years
(USACE 1995). As aresult of drawing water from the lower, colder stratum, releases from HHD
during the early summer are usually below expected normal temperatures. Later in the summer
and in early fall, as cooler water is depleted and warmer surface water is released, temperatures
are higher than would be expected under a natural, unimpounded flow. These artificialy higher
temperatures can adversely affect salmon spawning behavior and may accelerate maturation of
developing salmon eggs (Tacoma Public Utilities 1999).

There have been no recorded observations in the upper Green River or in the HHD reservoir
where DO levels have fallen below 9.5 mg/L (the standard for Class AA waters), although there
has been little sampling in these waters (TPU 1999). Turbidity is greatest during flood events and
when HHD reservoir levels are low, both of which can cause water at the diversion dam to be too
turbid for use by Tacoma Water. Natural flows have been artificially manipulated by the dams,
resulting in modified hydrologic conditions downstream.
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WATER QUALITY—EXISTING CONDITIONS

King County does not collect any water quality data in the Upper Green River as part of its
stream monitoring program. However, the Tacoma Public Utilities Water Divison monitors
temperature and turbidity on a weekly basis at four locations (2, 4, 5 and 8) on the mainstem of
the Upper Green River (Figure WQ-3). They aso collect fecal coliform data, but the results are
not presented in this report. The following is an analysis of the last four years of data provided
by the Water Division.

Temperature

None of the 659 water temperature measurements analyzed were measured above the salmonid
migration threshold (21°C), and only 10 of these exceeded the proposed samonid rearing
threshold (17.5°C). The maximum recorded water temperature was 20°C. Sixty-three of the 659
water temperature measurements exceeded the proposed salmonid spawning threshold (14.5°C),
however, al of these excursions occurred between July and September. Only six of these
occurred within the defined spawning season (September 15 through May 31). Taken together,
these data would suggest that water temperature is not likely to be of concern for salmonids,
however, water temperature readings were only taken weekly and do not necessarily represent
peak temperatures.

Turbidity

The average turbidity of al 655 measurements analyzed from the four stations was 2.67 NTU,
with a maximum of 234 NTU. This peak measurement probably occurred during or shortly after
a storm event or some other disturbance that caused a short-term increase in turbidity. The
second highest turbidity value was 22.2 NTU. All other measurements were below 20 NTU, and
only 18 of 655 measurements were greater than 10 NTU. Although TSS concentration and
duration data were not available, these consistently low turbidity data suggest that elevated solids
are not likely to be of concern for salmonids.

BIOLOGICAL MONITORING IN THE UPPER GREEN RIVER

Aquatic insect sampling occurred at two stations on the mainstem in the upper Green River
during 1999 (SalmonWeb 2000). One station was located above the Howard Hanson Dam and
the other was located above the Tacoma diversion dam (RM 63.5). The B-1BI scores were 32 and
28 above the Howard Hanson and Tacoma diversion dams, respectively. These scores are
characterized as fair on the B-1BI index.

DATA GAPS

Temperature, turbidity and fecal coliform data are the only water quality data available in the
upper Green River. Fecal coliform data were not analyzed for this report, because fecal coliforms
are not thought to be a factor of decline for salmonids. The lack of continuous temperature data
IS a data gap because data do not necessarily reflect maximum temperatures that have the
greatest potential to impact salmonids. There is limited DO data. Thus, the lack of DO, pH,
metals and organics data is a data gap.
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MIDDLE GREEN RIVER

The Middle Green River basin begins at the Tacoma Diversion dam (RM 61) and continues
downstream to the Auburn Narrows (RM 34) (see Figure WQ-2). Development in the basin is
scattered with the largest portion of the basin in undeveloped open space. A substantial portion
of the western half of the basin is used for agriculture. Most of the residential development is
rura in nature, as most of the basin is on the east side of the Urban Growth Boundary. Small
portions of Auburn and Black Diamond are the only urban areas in the basin, but together they
constitute less than five percent of the watershed area.

The lower reach of the middle Green River sub-basin between RM 32 and RM 42.3 (west
boundary of Flaming Geyser State Park) is classified as a Class A surface water in Chapter 173-
201A WAC. Between RM 42.3 and the headwaters (including the Green River Gorge), the
Green River and tributaries are Class AA. Temperature is the only parameter listed for the
Middle Green River on the State’s 303(d) list of impaired water bodies for failing to meet state
surface water standards. This listing is based on multiple excursions above the state standard
between RM 35 and RM 61.8 from 1991 to 1996.

Temperature data were collected by the Muckleshoot Tribe (Caldwell 1994) on the mainstem of
the Green River in the summer and early fall of 1992. This was partly in response to a Corps of
Engineers report (Grette and Salo 1986) that indicated that elevated Green River temperatures
caused a delayed upstream migration of early-run fall chinook and may aso influence utilization
of the lower Green River by juvenile steelhead, chinook, and coho. The objective of the study
was to document temperatures in the Green River between RM 12 and 64.5, describe the extent
and duration of high summer temperatures, and investigate temperatures in deep pools and
shallow stream margins. The following conclusions were drawn from this study:

The maximum summer temperatures in 1992 were 23.5°C and 22.5°C at RM 35 (Neay
Bridge) and 41.5 (Whitney Bridge), respectively during mid August;

Temperatures over 18°C were measured between two and three times more often at RM
13 (in the lower Green River) than RM 41.5 (Middle Green River); and

Temperatures in deep pools between RM 35 and 41.5 were found to be the same as in
other habitats. Shallow stream margins in the same reach had the potential to be 0.5-2.0°C
higher than deeper habitats, depending on whether the shallow water was flowing or
standing. In the shallow waters, water velocities and not water depth was the most
important factor influencing temperatures.

There were no other historic reports on water quality in the middle Green with the exception of
the annual Metro water quality reports from the 1980s. The King County streams program has
collected water quality data since 1976 at two stations on the middle Green River.

WATER QUALITY—EXISTING CONDITIONS

The two sampling locations for which data are available between 1996 and 1999 are located
above the confluence of Big Soos Creek (Station A319 at approximately RM 34.5) and above the
confluence of Newaukum Creek (Station B319 at approximately RM 41.5) (see Figure WQ-2).
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These locations are dominated by black cottonwood trees, and represent a more natural riparian
habitat than the sampling locations of the lower Green River.

The parameters, number of samples analyzed, and number of storm samples varied for the two
stations between 1996 and 1999. At station A319, temperature, DO, pH, turbidity, TSS and
ammonia were analyzed for 36 to 39 samples during nonstorm conditions. These same
parameters were analyzed for one storm on December 29, 1998 at station A319. For station
B319, these same parameters were measured during both nonstorm (36 to 40 samples) and storm
(13 to 15 samples) conditions. Additionally, total and dissolved metals (arsenic, cadmium,
chromium, copper, lead, mercury, nickel, selenium, silver and zinc) were analyzed at station
B319 during storm conditions on roughly 14 and 8 occasions, respectively. Total aluminum was
anayzed on three occasions during storm conditions. Comparisons of datato standards or criteria
are detailed below.

Temperature

Based on water quality data from 1996 through 1999, temperatures for each location were within
the Class A and proposed rearing standard ranges. A number of temperature measurements at
each location exceeded the proposed spawning standard; however, most of these exceedances do
not occur during the defined spawning season (September 15 through May 31). Two
exceedances of the proposed spawning standard (15 and 15.1°C at A319 and B319, respectively)
occurred on September 15, 1998. This would suggest that temperature may not be of concern for
salmonids, however temperature readings are only taken monthly and do not necessarily
represent peak temperatures during the spawning season. In addition, temperature may be of
concern for other salmonids whose spawning season overlaps the June 1 through September 14
window (e.g., winter and summer steelhead).

Dissolved Oxygen

Based on water quality data from 1996 through 1999, DO concentrations for each location are
aways greater than the minimum Class A and proposed salmonid rearing standard (8.0 mg/L).
However, 12 of 37 DO measurements at station A319 were below the proposed salmonid
incubation standard (10.5 mg/L), with a minimum value of 9.4 mg/L. At station B319, 9 of 50
DO measurements were below the proposed salmonid incubation standard, with a minimum
value of 8.5 mg/L. As with temperature, most of these exceedances occur in the summer and do
not coincide with the defined incubation period. This would suggest that dissolved oxygen is not
a factor of decline in this reach; however, DO may be of concern for any salmonids whose
incubation period overlaps the June 1 through September 14" window (e.g., winter and summer
steelhead).

Turbidity/TSS

Average non-storm turbidity is approximately 2 to 3 NTUs, with a peak measured storm
turbidity of 84 NTUs on December 28, 1998 for the period between 1996 and 1999. Total
suspended solids concentrations averaged 3 to 5 mg/L for both locations during non-storm
sampling, with a peak storm measurement of 114 mg/L. Therefore, a few measurements exceed
levels that could cause sub-lethal effects if the concentrations were maintained for along enough
duration. However, the duration of these elevated TSS concentrations is unknown and therefore,
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the potential effects cannot be determined. On average, TSS does not appear to be of concern for
salmonids, athough more data, including concentration and duration, are needed.

pH

The average pH of the King County data from 1996 to 1999 was 7.0. However, one of 95
measurements was 6.4, or 0.1 units below the Class A/AA minimum standard of 6.5. All other
measurements were between 6.5 and 8.2. Given that only one measurement exceeded the state
standard, pH is not expected to elicit any direct effects to aquatic life. Therefore pH in the middle
Green River is unlikely to be of concern, although it may influence the potential toxicity of other
chemicals (e.g., metas).

Ammonia

The ammonia data collected from 1996 to 1999 were below both the acute and chronic state
water quality standards for ammonia. Therefore, ammonia is not expected to be of concern for
salmonids.

Metals

The metals evaluated here (aluminum, arsenic, cadmium, chromium, copper, lead, mercury,
nickel, selenium, silver and zinc) suggest that they are not of concern, with the possible
exception of aluminum. Although there are no state water quality standards for aluminum, all
three aluminum samples exceeded the EPA chronic water quality criterion (87 pg/L). One of the
three samples (1,960 ug/L) exceeded the EPA acute water quality criterion (750 pg/L). Although
the limited data exceed the EPA criterion, it is not likely in a toxic form because the analytical
method for determining total recoverable aluminum probably dissolves some aluminum that is
not toxic and cannot be converted to a toxic form under natural conditions (U.S. EPA 1988). In
addition, these data were collected under storm conditions where elevated suspended solids and
organic matter concentrations tends to bind more of the dissolved metal, thereby reducing its
bioavailability®. However, because data are limited, further evaluations of aluminum should be
conducted to confirm whether it is of concern for salmonids.

The same pattern for the basin as a whole is applicable to the Middle Green River data with
regards to the detection limits for mercury and selenium (see section 4).

BIOLOGICAL MONITORING IN THE MIDDLE GREEN RIVER

Aquatic insect sampling occurred at four stations on the mainstem of the middle Green River
during 1999 (SamonWeb 2000). Table WQ-5 shows the B-IBI scores for the four locations in
the middle Green River from the SalmonWeb data. There was a very small range in scores (28-
30), with all scores characterized as fair on the B-1BI index.

® Bioavailahility is the degree to which a contaminant in a potential source is free for uptake (movement into or onto
an organism) (Hamelink et al. 1994).
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Table WQ-5. B-IBI scores for Middle Green River stations in 1999
(SalmonWeb 2000).
Macroinvertebrate Monitoring Sites 1999 Scores
Middle Green River (below Tacoma diversion dam, RM 60.5) 30
Middle Green River (at Flaming Geyser State Park, RM 42.5) 28
Middle Green River (at Whitney Bridge, RM 41.5) 30
Middle Green River (upstream of Soos Creek confluence, RM 34) 28

DATA GAPS

There are probably sufficient data to characterize temperature, DO, pH and ammonia at Stations
A319 and B319; however, no other King County data between 1996 and 1999 were available for
the mainstem of the middle Green River. Therefore, the spatial variability of these parameters in
the middle Green River is a data gap, especialy given the length of the river in this sub-basin
(approximately 30 miles). The lack of continuous temperature data is a data gap because data do
not necessarily reflect daily maximum temperatures and the duration of temperature
exceedances. In addition, available TSS data do not include duration, therefore, potential effects
cannot be accurately evaluated. Furthermore, there are relatively few metals data (three to 15
samples), and al were collected under storm conditions. Therefore, additional metals data are
needed, especially under baseline (non-storm) conditions.

Other classes of parameters for which no data were available represent significant data gaps. No
data were available for pesticides and herbicides, PAHs, or phthalate esters.

LOWER GREEN RIVER

The Lower Green River basin begins at the Auburn Narrows (RM 31) and continues to just
downstream of the confluence with the Black River in Tukwila (RM 11) (see Figure WQ-1). The
lower Green basin is composed of two areas that are split by the Black River basin to the north
and the Mill Creek basin to the south. It is mostly on the urban side of the Urban Growth
Boundary and contains portions of the cities of Kent, Auburn, Tukwila, Federal Way, and
SeaTac. Land uses include residential, commercial, industrial, and agricultural, as well as some
major highways, including Interstate 5. There are extensive areas of office/lcommercial and
multi-family residential development. This area has developed rapidly over the past 20 years.

The Lower Green River is classified as a Class A surface water in Chapter 173-201A WAC.
Temperature, fecal coliforms’, chromium, and mercury are listed for the Lower Green River on
the State’s 303(d) list of impaired water bodies for failing to meet state surface water standards.
For temperature, this listing is based on multiple excursions above the state standard between
RM 12.5 and RM 27 from 1991 to 1996. For mercury, thislisting is based on multiple excursions
measured in 1988 at Stations 0311 and 3106, as well as multiple excursions measured between
Tukwilaand RM 18.3 between 1987 and 1991.

There were three temperature stations in the Lower Green River included in the Muckleshoot
Indian Tribe's study (Caldwell 1994) in 1992. The stations were located along the mainstem in

" Fecal coliforms will not be addressed in this section, because it is not a factor of decline for saimonids.
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Tukwila (RM 13), Kent (RM 20) and Auburn (RM 27). The following conclusions were drawn
from this study:

The maximum summer temperatures in July and August were between 23.0 and 24.0°C at
RM 12. The degree-hours value above 18.0°C (an indicator of the duration of elevated
temperatures) was three times the value measured in the Middle Green (RM 41.5).
Minimum temperatures at RM 12 during July and August were 15-16°C, comparatively
high compared to most other stations;

The maximum summer temperatures were 23.0 and 22.5°C at RM 20 and 27, respectively.
The degree-hours value above 18.0°C were approximately 70 and 50 percent, respectively
of the value at RM 12; and

The study concluded that these temperatures were within the range where, according to
some studies, salmonids would avoid this reach if possible. It was also concluded that
there is potential for blockage or delay of upstream migration of adult anadromous salmon
in August.

There were no other historic reports on water quality in the Lower Green River with the
exception of the annual Metro water quality reports from the 1980s. The King County streams
program has collected water quality data since 1970 at two stations on the lower Green River
(0311, 3106).

WATER QUALITY — EXISTING CONDITIONS

The two locations for which data are available between 1996 and 1999 (Stations 0311 and 3106)
are located near 1-405 at approximately RM 12, where the land use is characterized by roadways,
office and commercial development, Fort Dent Park and a golf course (see Figure WQ-1).

At station 0311, six parameters (temperature, DO, pH, turbidity, TSS and ammonia) were
anayzed for 35 to 39 samples during nonstorm conditions and on one occasion during storm
conditions on December 29, 1998. For station 3106, these same parameters were measured
during both nonstorm (36 to 43 samples) and storm (12 to 14 samples) conditions. Additionally,
total and dissolved metals (arsenic, cadmium, chromium, copper, lead, mercury, nickel,
selenium, silver and zinc) were analyzed at station 3106 during storm conditions on 13 and 7
occasions, respectively. Total and dissolved auminum were analyzed on three and one
occasions, respectively, during storm conditions. Comparisons of datato standards or criteria are
detailed below.

Temperature

Based on King County’s water quality data from 1996 through 1999, a number of temperature
measurements for each location exceeded the Class A, proposed rearing and spawning standards
(18, 17.5 and 14.5°C, respectively). Temperatures were never measured above the migration
blockage threshold (21°C). The spawning threshold would not be applicable to these locations
(approximately RM 12) because chinook and other salmonids are not known to spawn in this
area. For chinook, most spawning is further upstream, between RM 24 to RM 61 (Williams et al.
1975). However, because several temperature measurements exceeded the Class A and rearing
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threshold, particularly during the mid- to late-summer, temperature may be of concern for
salmonids in the Lower Green. It is important to note that temperature readings were only taken
monthly and thus do not necessarily represent peak temperatures.

Dissolved Oxygen

Some DO concentrations for the two locations from 1996 to 1999 are below the Class A standard
and proposed salmonid rearing standard (8.0 mg/L), and severa measurements are below the
proposed salmonid incubation standard (10.5 mg/L). Again, however, the incubation standard
would not be applicable for these locations since salmonids are not known to spawn in this reach.
Because six of the non-storm measurements were below the rearing threshold (ranging from 7.6
to 7.9 mg/L), there is some concern for salmonids during the summer months. Given that the
solubility of oxygen in water is temperature dependent, it is not surprising to find dissolved
oxygen exceedances co-located and concurrent with temperature exceedances.

Turbidity/TSS

Average non-storm turbidity is approximately 4 to 5 NTUs, with a peak storm turbidity
measurement of 89 NTUs on December 28, 1998. Non-storm TSS concentrations averaged 8 to
11 mg/L for both locations during non-storm sampling, with a peak storm measurement of 114
mg/L during December 1998. A few measurements exceeded levels that could cause sub-lethal
effects to salmonids if the concentrations were maintained for a long enough duration. However,
the duration of these elevated TSS concentrations is unknown and therefore the potential effects
cannot be determined. On average TSS does not appear to be of concern, though more data,
including concentration and duration, is needed.

pH

Nearly all measurements evaluated in this analysis were between 6.5 and 8.1, a level at which
there is not expected to be any direct effects on aguatic life (U.S. EPA 1986). The average pH
was 7.0, however, five of 80 measurements were below the Class A standard of 6.5, with a
minimum value of 6.2. Overal, pH is probably not a concern, though it may influence the
potential toxicity of other chemicals (e.g., metals).

Ammonia

The ammonia data collected from 1996 to 1999 were below both the acute and chronic state
water quality standards for ammonia. Therefore, ammonia is not expected to be of concern for
salmonids.

Metals

Based on data collected from 1996 and 1999, metals (aluminum, arsenic, cadmium, chromium,
copper, lead, mercury, nickel, selenium, silver and zinc) do not seem to be a concern for
salmonids, with the possible exception of aluminum.

Although there are no state water quality standards for auminum, each of the three auminum
samples exceeded the EPA chronic water quality criterion (87 pg/L). One of the three samples
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(1,540 pg/L), exceeded the EPA acute water quality criterion (750 pg/L). Although the limited
data exceed the EPA criterion, it is not likely in a toxic form because the analytical method for
determining total recoverable aluminum probably dissolves some aluminum that is not toxic and
cannot be converted to atoxic form under natural conditions (U.S. EPA 1988). In addition, these
data were collected under storm conditions where elevated suspended solids and organic matter
concentrations tends to bind more of the dissolved metal, thereby reducing its bioavailability.
However, because data are limited, further evaluations of aluminum should be conducted to
confirm whether it is of concern for saimonids.

The same pattern for the basin as a whole is applicable to the Lower Green River data with
regards to the detection limits for mercury and selenium (see section 4).

BIOLOGICAL MONITORING IN THE LOWER GREEN RIVER

Aquatic insect sampling occurred at one station on the mainstem in the lower Green River during
1999 (SamonWeb 2000). The station was located at Lea Hill in Auburn at RM 28. The B-1BI
score was 28, which is characterized as fair on the B-1BI index. This score is in the same range
as those observed for the middle and upper Green River stations.

DATA GAPS

There are probably sufficient data to characterize temperature, DO, pH and ammonia at Stations
0311 and 3106; however, no other King County data between 1996 and 1999 were available for
the lower Green River. Therefore, the spatia variability of these parameters in the lower Green
River is a data gap. The lack of continuous temperature data is a data gap because data do not
reflect daily maximum temperatures and the duration of temperature exceedances. In addition,
there is no duration data available for TSS, thus the potential effects cannot be accurately
evaluated. Furthermore, there are relatively few metals data (one to 16 samples), and nearly all
were collected under storm conditions. Therefore, additional metals data are needed, especially
under baseline (non-storm) conditions.

Other classes of parameters for which no data were available represent significant data gaps. No
data were available for pesticides and herbicides, PAHs, or phthalate esters.

GREEN/DUWAMISH ESTUARY

The following description of the Duwamish River basin is summarized from the Combined
Sewer Overflow Water Quality Assessment (WQA) for the Duwamish River and Elliott Bay
(King County 1999). It is followed by a description of trends in Duwamish River since the
1960s, which is summarized from the draft Water Quality Trends report prepared by Pentec
(2000). Finally, this is followed by a description of the existing water quality conditions, which
includes some more recent data from the King County Streams Monitoring Program and
compares it to both fresh and marine water quality standards, including the newly proposed use-
based standards for temperature and DO.

The Duwamish River and Elliott Bay together make up a highly industrialized and urbanized

estuary that has been extensively altered from its historic condition. The estuary is located on the
eastern shore of Puget Sound and is surrounded by the City of Sesttle. It is the location of heavy
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industry and a major shipping center as well as being home to a diverse array of fish, bird,
mammal, and plant species. It is also used for tribal commercial and subsistence fishing and for
recreation. Pollutants can enter the estuary from a variety of sources including industrial and
commercia activities, storm drains, combined sewer overflows (CSOs), treatment plant
emergency outfall, illegal dumping, atmospheric deposition, and groundwater.

The lower Duwamish River, from the river mouth to approximately 6 miles upstream from
Harbor Island, is a highly industrialized salt wedge type estuary that is influenced by river flow
and tidal effects. Asistypical of sat wedge estuaries, the Duwamish is characterized by a sharp
interface between freshwater outflow at the surface and saltwater inflow at depth. The layer of
salt water is thicker near the river mouth, occupying most of the water depth, but tapers down
toward the head (upriver portion) of the estuary. The location where saltwater intrusion tapers off
to zero is called the toe of the salt wedge. In the Duwamish River the toe of the salt wedge is
located approximately 11 miles upstream of the river mouth.

The lower portion of the river, below the turning basin (7 miles from the mouth) was
straightened, dredged and armored with rocks in many areas to facilitate navigation and
industrial development. The depth of the river portion varies from approximately 17 meters near
the river mouth at Harbor Island to less than 1 meter in the upper river. Bottom sediments in the
river range from sands to muds, depending on the sources of sediment and the current speeds.
The flow of the river is largely controlled by releases from the Howard Hanson Dam. Summer
flows in the river, gauged at Auburn, are in the range of 250 cubic feet per second (cfs). Winter
flows average about 1,500 to 2,000 cfs, with peaks to more than 12,000 cfs as measured at the
Auburn gage during storm events.

Over the last 125 years, the drainage area of the Duwamish River has been reduced by about 70
percent due to development and flow diversion. Most (98 percent) of approximately 1,270 acres
of tidal marsh and 1,450 acres of flats and shallows, and all of about 1,250 acres of tidal wetland,
have been eliminated (Blomberg et al. 1988). The intertidal habitat that remains in the Duwamish
River is important for the surviva of juvenile sailmon, other predator fish, birds, and mammals
that feed on invertebrates and small fish found in shallow areas of the estuary. Kellogg Iland is
the largest remnant of intertidal habitat remaining in the Duwamish River Estuary (Tanner 1991).
Habitat associated with the island includes high and low marsh, intertidal flats, and filled uplands
(Canning et al. 1979). Kellogg Island provides important nesting and feeding habitat for
waterfowl and other birds. Small patches of other intertidal areas occur in the estuary as marsh
and unvegetated intertidal benches. Sections of natura shoreline only occur in the Duwamish
River above the head of navigation, located at approximately River Mile 6 (Tanner 1991).

WATER QUALITY TRENDS IN THE DUWAMISH RIVERE

Overdl, water quality in the Duwamish estuary was probably poorest in the early 1960s. Since
the 1980s, however, water quality impacts from the discharge of industrial and domestic waste
have been significantly reduced as a result of increased surveillance monitoring and the
construction of the wastewater effluent transfer line. The removal of the South (Renton)
Treatment Plant outfal led to significant decreases in the ammonia and phosphorus

8 Summarized from the draft Water Quality Trends report prepared by Pentec (1999)
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concentrations in the Green River. Temperature, turbidity, and nitrate levels have decreased
significantly, and DO and pH have increased (King County 1989).

In the 1940s and 1950s, there were a large number and wide variety of direct point-source
discharges to the Duwamish River (e.g., Foster 1945, Sylvester et al. 1949, Peterson et al. 1955).
These discharges included metal wastes from foundaries, shipyards, and aircraft manufacturing
operations,; chemical wastes from a variety of industries; blood and paunch manure from meat-
packing plants; vegetable wastes; fish packing wastes; concrete and clays; and domestic sewage.

Temperature, bacteria, nutrients, and oxygen levels historically created biological problems in
the Duwamish River (Ecology 1988). Levels of metals and/or other pollutants were sufficient to
cause fish kills as early as 1948 (Fasten 1948), and as recently as 1985 (possibly from low DO;
L. Kittle, Washington State Department of Ecology, personal communication in Grette and Salo
1986).

The following presents a description of water quality trends in the Duwamish River. These
trends are based on temperature, DO, and metals water quality data, most of which have been
collected by King County (Metro) at 17 stations throughout the Duwamish River since the
1970s. Three stations have the most complete data set over the last 40 years: the West Waterway
Spokane Street Bridge (station 0305 at RM 1/4), 16" Avenue Bridge (station 0307 at RM 3.5),
and the East Marginal Way Bridge (station 0309 at RM 6.75) °.

Temperature

Since 1970, temperature has been recorded monthly at stations 0305, 0307, and 0309. These
stations have seen an overall increase of maximum temperatures of approximately 2°C since the
1970s (Figure WQ-5, Pentec 1999). The frequency of freshwater temperature criterion
exceedances has increased from one in the 1970s to three in the 1980s, and seven from 1990 to
1998. The frequency of marine water temperature criterion exceedances has increased from 3 in
the 1970s to 13 in the 1980s, and 15 from 1990 to 1998. However, due to sampling depths (0.5
m) and location of stations 0307 and 0309, the freshwater water criterion is more applicable.
Using the freshwater criterion for the 16" Avenue and East Margina Way bridge stations, and
the marine criterion at the West Waterway Spokane Street Bridge station, there was one
exceedance in the 1970s, three in the 1980s, and six in the 1990s (through 1998).

Dissolved Oxygen

During the mid-1950s, the Washington State Pollution Control Commission (Peterson et al.
1955) conducted sanitary-quality surveys in the Green and Duwamish rivers, collecting data on
bacteriological character, DO, BOD, and toxic compounds. They sampled DO through the
summer and fall of 1955 and found two instances of values below 5 mg/L. The authors
concluded that the DO levels in the Duwamish River were satisfactory but noted that river flows
were unusually high and temperatures unusually low during that year.

In the 1960s, Santos and Stoner (1972) conducted a study of physical, chemical, and biological
aspects in the Duwamish Estuary at four locations. They concluded that the DO in the surface

® Class B standards for temperature and DO are applied in the following discussion.
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water decreased in a downstream direction, but usually contained enough oxygen to support
aquatic life. Minimum DO values occurred in late summer in the bottom layer, and ranged from
7.7 mg/L to 10.4 mg/L. However at low rates of freshwater inflow and minimal tidal exchange,
DO was reported as low as 1 mg/L in the 1960s (Metro 1985). Comparing older data with the
data collected during their study, Santos and Stoner suggested that a slight decrease in the annual
minimum DO concentrations had occurred from 1960 to early 1970.

Completion of the Howard Hanson Dam in 1962 provided low-flow augmentation during the
summer months and helped offset, to a degree, increases in sewage discharges from the
expanding population of the watershed (US Army Corps of Engineers 1997). The East and West
Margina interceptors were constructed by Metro in 1964 and 1967, respectively, allowing
industrial discharges to be removed from the Duwamish and diverted to the West Point
Treatment Plant (Metro 1985). In 1965, the Diagonal Way sewage treatment plant was closed
and the sewage was diverted to West Point. The South (Renton) Treatment Plant was aso
constructed in 1965. The Kent and Auburn sewage lagoons were discontinued in 1973 and 1977,
respectively, and the sewage was diverted to the South (Renton) Treatment Plant. With the
removal of these two effluent discharges to the Green River system, the South Treatment Plant
became the only municipal point source of effluent to the Duwamish (Metro 1985).

The South (Renton) Treatment Plant discharge adversely affected water quality by depressing
DO levels and increasing levels of nutrients and ammonia beyond EPA guidelines. Diversion of
the Plant’s outfall to a new deepwater diffuser in Puget Sound in 1987 produced marked
improvements in water quality in the Duwamish Estuary. These improvements resulted in
marked increases in the minimum DO in the estuary.

Trends from stations 0305, 0307, and 0309 show that the annual minimum DO has been
increasing since the 1970s, and that there was a jump in the rate of increase in the mid-1980s,
corresponding to the diversion of the South Treatment Plant discharge. As a result, low DO
levels and resulting mortalities or delays in upstream migrations of chinook, which used to occur
frequently in the Duwamish (Salo 1969; Grette and Salo 1986), have not been reported since this
diversion.

Metals

Beginning in the 1970s, enforcement of the Clean Water Act and implementation of National
Pollutant Discharge Elimination System (NPDES) prohibitions against discharge of toxic or
deleterious materials markedly reduced point-source discharges, from municipal and industrial
sources, to the Green/Duwamish River and Estuary. From 1981 to 1988, amost 2.4 billion
galons of untreated sewage and stormwater were discharged from combined sewer overflows
(CSOs) to the Duwamish Estuary and Elliott Bay, Lake Washington and Ship Canal. Since 1989,
the volume of untreated sewage and stormwater discharged from CSOs to these receiving waters
has been reduced to 1.8 billion gallons per year (King County 1999).

The combination of these controls of point-source discharges, and increased emphasis on
stormwater controls and associated best management practices have greatly improved water
quality conditions in the Duwamish. For example, the Pacific Marine Environmental Laboratory
monitored the Duwamish River from 1981 to 1986 and showed dramatic decreases of copper,
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lead, and zinc concentrations in the water. In 1986, dissolved lead discharges into the Duwamish
River were only one percent of the amount discharged in 1981; dissolved copper and zinc
discharges were only five and 10 percent, respectively, of amounts discharged in 1981 (King
County 1989).

The result of al of the controls implemented in the 1970s and 1980s on levels of many toxicants
was dramatic, as shown in the marked drops in levels of several metals in the lower Duwamish
River. In most cases, levels of cadmium, chromium, copper, iron, lead, mercury, nickel, and zinc,
which were often above toxic thresholds in the early 1980s, have dropped below the State’'s
chronic water quality standards (173-201A WAC).

In summary, it is clear that water quality conditions in the Duwamish Estuary today are much
improved over conditions from the 1940s through the mid-1980s. During the period from 1970
to the present, water quality, with the exception of temperature, has shown a clear trend of
improvement in virtually all measured parameters. An assessment of current water quality is
presented in the following two sections.

DUWAMISH RIVER AND ELLIOTT BAY WATER QUALITY ASSESSMENT

In 1996, the King County Department of Natural Resources (King County 1999) studied the
existing conditions in the Duwamish, as well as the County’s combined sewer overflows (CSOs)
and their effects on water quality in the Duwamish River using a risk assessment approach. The
risk assessment looked at several receptors, including aquatic life, benthos, shorebirds, wading
birds, raptors, mammals, and humans. The study investigated several chemicals in water and in
sediment, physical disturbances, and changes in salinity, DO, pH, and water temperature (King
County 1999).

Ovedl, the Water Quality Assessment (WQA) found minimal risks to aguatic life from
chemicals in the water column, no risk of mortality to juvenile salmon from direct exposure to
chemicals in the water, and no risk of mortality to salmon smolt from consuming amphipods in
the Duwamish Estuary. More specifically, the study found the following:

Risks to water column dwelling organisms, from exposure to chemicals of potential
concern in the water of the Duwamish River and Elliott Bay, appear to be minimal. Any
potential risks are below the level used by U.S. EPA to develop water quality criteria
These predicted risk levels were confirmed by the observed lack of chronic toxicity to
sensitive organisms from undiluted effluent from the Brandon Street CSO.

There was no apparent risk of mortality to salmon from exposure to chemicals in the water
column.

There was no apparent risk of mortality to salmon from concentrations of copper, lead,

zinc, tributyltin (TBT) or polychlorinated biphenyls (PCBs) (Aroclors 1254 and 1260) in
their prey. Other chemicals were not evaluated because of alack of appropriate data.
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The WQA found potential risks to the benthic community from severa chemicals in the
sediments, most notably bis(2-ethylhexyl)phthalate, 1,4-dichlorobenzene, mercury, polycyclic
aromatic hydrocarbons (PAHSs), PCBs, and TBT. PCBs and TBT were found to pose the greatest
potential risks to benthic organisms.

WATER QUALITY—EXISTING CONDITIONS

The Duwamish River is listed on the State’s 303(d) list of impaired water bodies for multiple
sites and parameters. Although water in the Duwamish River is only listed for exceeding pH,
fecal coliforms and DO standards, sediments exceed standards for numerous chemicals including
avariety of metals, PAHs, PCBs, phthalate esters and phenol.

Recent King County data were available for a total of 19 stations in the Duwamish River.
Sixteen of these stations were sampled from nine sitesin 1996 and 1997 for the Duwamish River
and Elliott Bay WQA, and represent either east bank, center channel or west bank sampling
within the Duwamish River channel at six sites (CSO locations). At each station, samples were
collected both one meter under the surface and one meter above the bottom (or at 20 meters
depth if bottom depth was greater than 20 meters). Table WQ-6 below describes the site
abbreviations used for the Duwamish River WQA, and sampling locations are depicted in
FigureWwQ-1.

Table WQ- 6. Site abbreviations from the Duwamish River WQA.

Site East Bank (1,2) | Center Channel (1,2) | West Bank (1,2)
Norfolk NFKBLB
S/W Michigan SWM/E SWM/C SWM/W
Brandon BRN/E BRN/C BRN/W
Chelan CHE/E CHE/C CHE/W
Hanford HNF/E HNF/C HNF/W
Connecticut HNF/E HNF/C HNF/W
1 = surface and 2 = depth (e.g., SWM/E1 and SWM/E2).

Data are also available between 1996 and 1999 for three other stations sampled as part of the
Streams Monitoring Program (0305, 0307, 0309). These stations are also depicted in Figure WQ-
1. Table WQ-7 summarizes the number of samples analyzed for each parameter at all locations
in the Duwamish River (WQA and Streams Monitoring Program) between 1996 and 1999.
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Table WQ-7. Number of Non-storm and Storm Samples Collected in
Duwamish (1996-99).

Parameter Non-storm | Storm | # of Stations | # of Sites
Arsenic, Dissolved 272 90 31 6
Cadmium, Dissolved 272 88 31 6
Chromium, Dissolved 242 80 31 6
Chromium, Total 521 286 31 6
Copper, Dissolved 254 90 31 6
Lead, Dissolved 264 90 31 6
Mercury, Dissolved 33 7 4
Mercury, Total 63 31 6
Nickel, Dissolved 246 90 31 6
Nitrogen, Ammonia 810 302 36 9
Oxygen, Dissolved 571 212 35 8
Pentachlorophenol 114 88 30 5
pH 817 302 36 9
Selenium, Dissolved 262 82 31 6
Selenium, Total 526 258 31 6
Silver, Dissolved 272 90 31 6
Solids, Suspended, Total 1479 599 36 9
Temperature, Sample 841 296 36 9
Turbidity 149 5 5 3
Zinc, Dissolved 272 87 31 6

Temperature

Based on the water quality data collected between 1996 and 1999, all temperature measurements
were below the migration blockage threshold (21°C) and the Class B marine standard (19°C) at
al stations except 0307 and 0309. At station 0307, five of 55 surface (0-1 m) temperature
measurements exceeded the Class B marine standard, with a maximum of 20.4°C; no
exceedances were measured at depth. At station 0309, five of 38 temperature measurements
exceeded the Class B marine standard and one of those exceeded the migration blockage
threshold, with a maximum of 21.7°C. These data suggest that peak summer temperatures may
be of concern for salmonids rearing in or migrating through the upper reach of the Duwamish
River. It is important to note that temperature readings were only taken monthly and thus do not
necessarily represent peak temperatures.

Dissolved Oxygen

A total of 783 DO measurements were taken at the Duwamish River stations between 1996 and
1999. At Station 0305, two DO measurements were below the Class B marine standard (5 mg/L),
with a minimum of 4 mg/L. These data suggest that DO concentrations may be of concern for
salmonids rearing in the Duwamish River.

Turbidity/TSS

Turbidity data were only available at three stations within the Duwamish River, with between 37
and 59 measurements at stations 0305, 0307 and 0309. Average turbidity measurements (both
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surface and depth) ranged from 2.0 to 6.4 NTUs during non-storm conditions, with a maximum
of 24 NTUs. Storm turbidity measurements at these locations ranged from 14 to 92 NTUs.

Between 37 and 66 samples were measured for TSS at all sampling stations within the
Duwamish River, except a8 NFKBLB, where only three samples were collected. Average non-
storm TSS ranged from 3.6 to 19.3 mg/L, and average storm TSS ranged from 13.7 to 22.4 mg/L
at all stations except 0305, 0307 and 0309. Only one or two storm samples were collected at each
of these three stations, and measurements ranged from 23.6 to 122 mg/L. These data suggest that
TSS concentrations in the Duwamish River occasionally exceeded levels that could cause sub-
lethal effects, especidly during storm conditions, if the concentrations were maintained for a
long enough duration. However, the duration of the elevated TSS concentrations is unknown,
and therefore, potential effects cannot be determined. More data, including concentration and
duration, are needed.

pH

Between 30 and 60 pH measurements at each sampling station were recorded between 1996 and
1999. All pH measurements were between the Class B marine standards of 7.0 to 8.5 at al
stations except BRN/EL, 0305, 0307 and 0309. One of 32 measurements station BRN/E1 and
one of 59 measurements at station 0305 was below 7.0, with a minimum of 6.9 for each. At
station 0307, four of 60 measurements were below 7.0, with a minimum of 6.8, and one
measurement was 8.6. At station 0309, 10 of 38 measurements were below 7.0, with a minimum
of 6.3. However, given that no adverse effects to salmonids are expected at pH levels between
6.5 and 9.0 (U.S. EPA 1976), and that only one of the total of 1119 pH values was below 6.3, pH
is not likely to be a factor of decline for salmonids, although it may influence the potential
toxicity of other chemicals (e.g., metals).

Ammonia

The ammonia data collected from 1996 to 1999 were below both the acute and chronic state
water quality standards for ammonia. Therefore, ammonia is not expected to be of concern for
salmonids.

Metals

Based on the data collected by King County and MIT from 1996 to 1999, the metals evaluated
here (arsenic, cadmium, chromium, copper, lead, mercury, nickel, selenium, silver and zinc)
suggest that they are not of concern.

Organic Chemicals

The pentachlorophenol data collected in 1996 and 1997 for the Duwamish River and Elliott Bay
WQA were below both the acute and chronic state marine water quality standards. Therefore,
pentachlorophenol is not expected to be of concern for salmonids. No other King County data for
organic chemicals with standards or criteria developed were available.
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CRISP CREEK

The Crisp Creek subbasin is a small tributary to the Green River located just west of the City of
Black Diamond. The basin is approximately 4.5 square miles in area and flows into the Green
River at river mile 40. Crisp Creek drains flat to gently rolling terrain in the upper portion of the
watershed then drops steeply from the plateau through the valley walls of the Green River before
flattening out in the aluvial valey. The entire basin is located in unincorporated King County in
the rural zone, mostly consisting of pre-existing one, 2.5 or 5-acre lots or in current 5-acre
zoning.

Crisp Creek is not listed on the state’s 303(d) list of impaired water bodies. A Water Quality and
Quantity Concerns report was completed for the Crisp Creek watershed because of concerns
about impacts on operation of the Muckleshoot Tribe's Keta Creek Hatchery (Muckleshoot
Indian Tribe 1992). This report identifies risks to fish resources, water quality, and water
guantity, but no water quality data are presented. The report identifies the planned and potential
conversion of forested lands to residential developments as the greatest risk to water quality.

WATER QUALITY—EXISTING CONDITIONS

King County has collected data from two locations on Crisp Creek as part of its Stream
Monitoring Program. Station F321 is located immediately upstream of the Keta Creek Hatchery,
and Station 0321 is within one mile downstream of the hatchery (see Figure WQ-2).

At station 0321 and F321, six parameters (temperature, DO, pH, turbidity, TSS and ammonia)
were anayzed in 38 to 46 samples during nonstorm conditions between 1996 and 1999. These
same parameters were measured during storm conditions on 15 to 17 occasions. Additionally,
total and dissolved metals (arsenic, cadmium, chromium, copper, lead, mercury, nickel,
selenium, silver and zinc) were analyzed at station 0321 during storm conditions on roughly 17
and 11 occasions, respectively. Total and dissolved aluminum were analyzed on three and one
occasions, respectively, during storm conditions. Comparisons of datato standards or criteria are
detailed below.

Temperature

Continuous water temperature data were collected at the King County stream gauge near the
mouth of Crisp Creek (station 40D) from October 1997 to September 1999 (water years 1998
and 1999). The maximum recorded daily temperature during this period was 20°C on five days
in July and August 1998. During the two year period, the Class A standard of 18°C and the
proposed 17.5°C rearing standard were exceeded on 12 and 17 days, respectively, in July and
August 1998. The proposed 14.5°C spawning standard (September 15 to May 31) was exceeded
on seven days in late September 1998 (maximum of 16°C) and two days each in late May 1998
and 1999 (maximum of 17°C in 1998).

The proposed rearing standard of 15°C for the moving 7-day average of the daily maximum
temperatures was not exceeded during water year 1999, but was exceeded on 69 days during
water year 1998 from early July to mid-September. The maximum 7-day average was 18.7°C.
The proposed spawning standard of 12°C for the moving 7-day average of the daily maximum
temperatures (September 15 to May 31) was exceeded on 13 days in April and May of 1999
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(maximum of 14°C) and 15 days in late September 1999 (maximum of 13°C). In water year
1998, the spawning standard was exceeded on nine, 23, and 15 days in October 1997, May and
September 1998, respectively. The maximum was 14.7°C in September 1998. These data suggest
that temperature is a possible factor of decline for salmonids in Crisp Creek, based on occasional
exceedances of the Class A standard and somewhat frequent exceedances of the proposed rearing
and spawning standards of from 1 to 3°C.

Dissolved Oxygen

Based on the available water quality data collected between 1996 and 1999, DO concentrations
at either location were always greater than the minimum Class A and proposed salmonid rearing
standard (8.0 mg/L). However, 22 of 50 DO measurements at station 0321 were below the
incubation standard (10.5 mg/L) during the potential salmonid incubation period (September 15
to May 31), with a minimum value of 8.3 mg/L. At station F321, one DO value in October was
10.4 mg/L, but all other measurements were greater than 10.5 mg/L. Therefore, DO may be of
concern for salmonids below the Keta Creek Hatchery.

Turbidity / TSS

Based on the available water quality data from 1996 through 1999, average non-storm and storm
turbidity was 2.5 and 3.5 NTUS, respectively. The maximum turbidity was 13 NTUs. Geometric
mean non-storm and storm TSS was 5 and 7 mg/L, respectively, with a maximum concentration
of 48.5 mg/L. The next highest recorded measurement was 17.4 mg/L. Therefore, at least one
measurement exceeded levels that could cause sub-lethal effects if the concentration was
maintained for along enough duration. However, the duration of the elevated TSS concentration
is unknown and therefore, potential effects cannot be determined. On average, TSS does not
appear to be of concern for salmonids, although more data, including concentration and duration,
are needed to be more certain.

pH

Based on the available data from 1996 through 1999, pH is aways between 6.6 and 8.1. This
range is not expected to elicit any direct effects to aquatic life, and therefore, pH is unlikely to be
of concern for salmonids in Crisp Creek, although it may influence the potential toxicity of other
chemicals (e.g., metas).

Ammonia

The ammonia data collected from 1996 to 1999 were below both the acute and chronic state
water quality standards for ammonia. Therefore, ammonia is not expected to be of concern for
salmonids.

Metals

The metals evaluated at station 0311 (aluminum, arsenic, cadmium, chromium, copper, lead,
mercury, nickel, selenium, silver and zinc) are not of concern for salmonids, with the possible
exception of aluminum. Although there are no state water quality standards for aluminum, two of
the three aluminum samples exceeded the EPA chronic water quality criterion (87 pg/L).

WRIA 9 Habitat-limiting Factors and Reconnaissance Report — Part Il Page 1.2-39



Although the limited data exceed the EPA criterion, it is not likely in a toxic form because the
analytical method for determining total recoverable aluminum probably dissolves some
aluminum that is not toxic and cannot be converted to a toxic form under natural conditions (U.S.
EPA 1988). In addition, these data were collected under storm conditions where elevated
suspended solids and organic matter concentrations tends to bind more of the dissolved metal,
thereby reducing its bioavailability. However, because data are limited, further evaluations of
aluminum should be conducted to confirm whether it is of concern for salmonids.

The same pattern for the basin as a whole is applicable to the Crisp Creek data with regards to
the detection limits for mercury and selenium (see section 4).

DATA GAPS

There are probably sufficient data to characterize temperature, DO, pH and ammonia conditions
in Crisp Creek. Available TSS data do not include information on duration, without which
potential effects cannot be accurately evaluated. Furthermore, although there are adequate metals
data at station 0321, all were collected under storm conditions. Therefore, additional metals data
are needed to describe baseline (non-storm) conditions, especialy for auminum. There are no
metals data available at station F321.

Other classes of parameters for which no data were available represent significant data gaps. No
data were available for pesticides and herbicides, PAHs, or phthalate esters.

NEWAUKUM CREEK

The Newaukum Creek subbasin is located in southeast King County near the City of Enumclaw.
The basin is over 27 square miles in area and flows into the Green River at river mile 40.7 (see
Figure WQ-2). Extensive water quality sampling has been carried out in the subbasin since 1995
by the Muckleshoot Indian Tribe Fisheries Department and the King County Department of
Natural Resources (Wachter 1999).

The headwaters of Newaukum Creek begin at an elevation of 5,000 feet near Boise Ridge and
are dominated by forest activities. The middle subbasin, the Enumclaw plateau, consists mostly
of agricultural activities and is relatively flat. The lower subbasin consists of a steep ravine and
descent to the Green River. Land uses in the middle and lower subbasins include dairy and cattle
farming, and rura residential development (Wachter 1999). The southern portion of the middle
subbasin also contains the City of Enumclaw. In the agricultura areas, extensive ditching has
occurred for stormwater conveyance and field application of manure and fertilizers is common.
Salmonids present in this subbasin include coastal cutthroat, chinook, coho, winter steelhead,
sockeye and chum.

Four reaches along Newaukum Creek are listed on the state’'s 303(d) list of impaired water
bodies for failing to meet state surface water standards. All four reaches are listed for fecal
coliforms. One reach is also listed for DO and another reach is listed for ammonia. Since the
results reported by Wachter (1999) are based on the King County and MIT streams data
collected from 1995 to 1997, which overlaps with the existing data from 1996 to 1999, no results
from that report are summarized here.
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WATER QUALITY—EXISTING CONDITIONS

King County and the MITFD collected data from 18 locations on Newaukum Creek as part of the
Stream Monitoring Program (Figure WQ-2) between 1996 and 1999. Extensive sampling during
baseflow and storm conditions occurred at station 0322, located approximately one mile
upstream of the confluence with the Green River. Table WQ-8 summarizes the number of
samples analyzed for each parameter at each of the other 17 locations during storm and nonstorm
conditions between October 1996 and December 1999.

Table WQ-8. Summary of Number of Samples Analyzed from October 1996 to December 1999
for Each Parameter in the Newaukum Creek Basin.
Sampling Station | Non-storm/storm | Nitrogen, Ammonia | DO | pH | TSS | Temp | Turbidity
AA322 N 9 9 | 8 9 9 9
S 2 2 |1 2 2 2
AB322 N 11 11| 9 11 11 11
S 3 3|2 3 3 3
AC322 N 10 10| 8 | 10 10 10
S 2 2 2 2 2
AD322 N 11 11| 9 11 11 11
S 2 4 2 2 2
AE322 N 10 11 | 8 10 10 10
S 3 3|2 3 3 3
AF322 N 10 10| 8 | 10 10 10
S 2 2 |1 2 2 2
AG322 / M322 N 18 18 | 8 | 19 19 19
S 3 311 3 3 3
AH322 N 10 10 | 7 10 10 10
S 2 2 |1 2 2 2
Al322 | P322 N 33 35| 7| 34 34 34
S 4 4 1 4 4 4
AJ322 N 9 9 | 7 9 9 9
S 2 2 |1 2 2 2
D322 N 35 41 36 37 36
S 2 2 2 2 2
F322 N 34 37| 7| 3 36 35
S 3 311 3 3 3
H322 N 36 39| 9| 37 38 37
S 4 5 1 4 4 4
J322 N 35 36| 9 | 36 37 36
S 3 311 3 3 3
K322 N 22 23 23 24 23
N322 N 34 42 | 7 | 35 36 35
S 3 311 3 3 3
T322 N 35 41 36 36 36
S 2 2 2 2 2
Note: Some stations had more than one identifier during the study period (1996-99).
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At station 0322, five parameters (temperature, DO, turbidity, TSS and ammonia) were analyzed
in 71 to 76 samples during nonstorm conditions between 1996 and 1999. Measurements of pH
were made for 36 samples during nonstorm conditions. All six parameters were measured during
storm conditions on 13 to 16 occasions. Additionally, total and dissolved metals (arsenic,
cadmium, chromium, copper, lead, mercury, nickel, selenium, silver and zinc) were anayzed at
station 0322 during storm conditions on roughly 13 and 7 occasions, respectively. Total
aluminum was analyzed on three occasions during storm conditions. Comparisons of data to
standards or criteria are detailed below.

Temperature

No continuous temperature data were available for Newaukum Creek. Based on the available
water quality data from 1996 though 1999, temperatures were always below the migration
blockage threshold (21°C), the Class A standard (18°C), and the proposed salmonid rearing
standard (17.5°C). However, a number of individual measurements exceeded the proposed
spawning standard (14.5°C) during the summer, with a maximum of 15.5°C. These exceedances
do not coincide with the spawning of fall chinook. In addition, the proposed spawning standard
would not apply to the period when exceedances were measured (Hicks 2000a). This suggests
that temperature is not a factor of decline for chinook salmon in Newaukum Creek; however,
temperature readings are only taken monthly and do not necessarily represent peak temperatures
during the spawning season. Given that spawning standards were exceeded in the summer,
temperature may be of concern for any salmonids (e.g., winter steelhead) that spawn or incubate
during summer months.

Dissolved Oxygen

As noted above, DO is listed on the State’s 303(d) list of impaired water bodies for faling to
meet state surface water standards for one segment of Newaukum Creek. This listing is based
upon data collected at RM 10.1 at the confluence with Stonequarry Creek. Between 1991 and
1997, eight of 15 samples at this location were below the state standard. Based on the available
water quality data from 1996 through 1999, all DO concentrations are greater than the minimum
Class A and proposed salmonid rearing standard at all sampling locations except for D322 and
AC322. At D322, 12 of 41 measurements were below 8.0 mg/L with a minimum of 5.9 mg/L,
and at AC322, five of 10 DO concentrations were below 8.0 mg/L, with a minimum of 5.8 mg/L.
Therefore, when evaluating individual DO readings, the recent data support the listing because
water quality standards are still exceeded.

When comparing these data to the proposed salmonid incubation standard, there were individual
measurements below 10.5 mg/L at al locations, except AJ322. In addition, all sampling
locations had DO concentrations below the proposed spawning standard during the defined
spawning season (September 15" through May 31%) between 1996 and 1999. Therefore, DO is
probably of concern for salmonids in Newaukum Creek.

Turbidity / TSS

Based on the available water quality data from 1996 through 1999, average non-storm turbidity
ranged from 1.4 to 5.8 NTUs, with a maximum value of 15 NTUs. The storm turbidity data
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ranged from 0.6 to 51 NTUs, athough only seven of 58 storm turbidity measurements were
greater than 20 NTUs.

Average non-storm TSS ranged from 1.2 to 10.7 mg/L, with peak measurements as high as 95.6
mg/L. Although these were not classified as storm samples, these peak measurements likely
occurred shortly after a storm event or some other disturbance (such as maintenance activities)
that caused a short-term increase in TSS. Storm TSS measurements ranged from 0.6 to 120
mg/L, indicating that TSS concentrations occasionally exceeded levels that could cause sub-
lethal effects if the concentrations were maintained for a long enough duration. However, the
duration of the elevated TSS concentrations is unknown, and therefore, potential effects cannot
be determined. On average, TSS does not appear to be of concern, although more data, including
concentration and duration, are needed.

pH

Based on the available data from 1996 through 1999, pH was between 6.5 and 8.5 at all sampling
locations except AA322 and AD322. At AA322, two of nine measurements were 8.6. Given that
the magnitude of the exceedance is within the tolerance limits of the instrument used to measure
it, pH at AA322 is not expected to elicit any direct effects to aguatic life. At AD322, one of nine
measurements was 9.8. If this datum was representative of the creek, pH would likely have
adverse effects on aguatic life. However, given that 177 of the 178 pH measurements in
Newaukum Creek were within 6.5 to 8.6, this value is probably an anomaly or resulted from
equipment malfunction. Therefore, pH is not likely a concern for salmonids, athough it may
influence the potential toxicity of other chemicals (e.g., metas).

Ammonia

One segment of Newaukum Creek, just upstream of station 0322, is listed on the State’s 303(d)
list of impaired water bodies for failing to meet the state surface water anmonia standard. This
listing is based upon three excursions beyond the standard collected between 1991 and 1997 at
RM 2.1. Based on the available water quality data from 1996 through 1999, ammonia never
exceeded either its acute or chronic water quality standard; therefore, ammonia is not likely a
concern for salmonids.

Metals

The metals evaluated here (aluminum, arsenic, cadmium, chromium, copper, lead, mercury,
nickel, selenium, silver and zinc) suggest that they are not of concern, with the possible
exception of aluminum. Although there are no state water quality standards for aluminum, all
three aduminum samples at station 0322 exceeded the EPA chronic water quality criterion (87
Hg/L). Two of the three samples exceeded the EPA acute criterion (750 pg/L). Although the
limited data exceed the EPA criterion, it is not likely in a toxic form because the analytical
method for determining total recoverable aluminum probably dissolves some aluminum that is
not toxic and cannot be converted to a toxic form under natural conditions (U.S. EPA 1988). In
addition, these data were collected under storm conditions where elevated suspended solids and
organic matter concentrations tends to bind more of the dissolved metal, thereby reducing its
bioavailability. However, because data are limited, further evaluations of aluminum should be
conducted to confirm whether it is of concern for salmonids.
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The same pattern for the basin as a whole is applicable to the Newaukum Creek data with
regards to the detection limits for mercury and selenium (see section 4).

DATA GAPS

There are probably sufficient data to characterize temperature, DO, pH, turbidity and ammoniain
Newaukum Creek. The lack of continuous temperature data is a data gap because data do not
necessarily reflect daily maximum temperatures and the duration of temperature exceedances.
Similarly, available TSS data do not include duration, without which potential effects cannot be
accurately evaluated. Furthermore, although there are adequate metals data at station 0322, al
were collected under storm conditions. Therefore, additional metals data are needed to describe
baseline (non-storm) conditions, especially for aluminum. There were no metals data available
for other sampling locations in Newaukum Creek.

Other classes of parameters for which no data were available represent significant data gaps. No
data were available for pesticides and herbicides, PAHs, or phthalate esters.

SOOS CREEK

The Soos Creek subbasin lies north and east of the Green River and southeast of Renton and east
of Kent. The Soos Creek system drains an area of 70 square miles and consists of severa streams
including Big Soos, Little Soos, Soosette, Covington, and Jenkins. All major tributaries in the
subbasin have similar physical characteristics, draining flat to rolling terrain and converging
below river mile 5.0 of Big Soos Creek. Many reaches of the upper plateau flow through
extensive wetlands where pools are deep and velocities Slow. There are also numerous lakes in
the Soos Creek subbasin, including Lake Y oungs, Lake Meridian, Shadow Lake, Lake Sawyer,
Lake Wilderness, Pipe Lake/Lake Lucerne, Ginger Lake, Ravensdale Lake, and Lake Morton.

Most of the Soos Creek basin is developed as either urban or rura land uses. The north and west
portions of the basin have a pattern of high-density residential and commercial development. The
north portion of Jenkins Creek and the west portion of Covington Creek contain rural residential
areas consisting of small farms and pastures. Sand, gravel and clay are mined in the hills east and
northeast of Black Diamond, and coal is mined near the northeast corner of Ginger Lake.

Ten reaches within the Soos Creek basin are listed on the state’'s 303(d) list of impaired water
bodies for failing to meet state surface water standards. Nine reaches are listed for feca
coliforms, three reaches are listed for dissolved oxygen and one reach is listed for temperature.
In addition, Lake Meridian islisted for total phosphorus.

There were no historic reports on water quality in the Soos Creek basin with the exception of the
annual Metro water quality reports from the 1980s. The King County streams program has
collected water quality data since 1976 at five stations in the Soos Creek basin on Covington,
Jenkins, Soosette, Big Soos and Little Soos creeks.

WATER QUALITY—EXISTING CONDITIONS

King County and the Muckleshoot Indian Tribe have collected data from 17 locations in the Soos
Creek subbasin as part of the Streams Monitoring Program: five locations on Big Soos Creek,
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three on Little Soos Creek, one on Jenkins Creek, and four on both Covington Creek and
Soosette Creek (see Figure WQ-1). The number of samples analyzed for each parameter at each
location between 1996 and 1999 during non-storm and storm conditions is given below.

Storm samples were analyzed for six parameters (temperature, pH, DO, turbidity, TSS and
ammonia) on two occasions at stations C320, D320, G320, and L320 and on one occasion at
stations B320, Q320, R320, S320 and U320. Non-storm sampling occurred for these same six
parameters on 35 to 55 occasions at three stations in Big Soos Creek (A320, L320, N320), two
stations in Little Soos Creek (G320, U320), three stations in Covington Creek (C320, R320,
S320), and one station each in Jenkins Creek (D320) and Soosette Creek (B320). Non-storm
sampling occurred on 19 to 27 occasions at two stations in Big Soos Creek (M 320, P320) and
three stations in Soosette Creek (V320, X320, Y320), on 15 to 17 occasions at station T320 in
Little Soos Creek and 10 to 11 occasions at Q320 in Big Soos Creek.

Temperature

One segment of Little Soos Creek is listed on the State’s 303(d) list of impaired water bodies for
failing to meet the temperature standards. The listing of Little Soos Creek is based on seven
excursions measured between 1991 and 1997 at sampling station T320 (RM 3.2). Continuous
temperature data were collected between 1996 and 1999 for most subbasins. Different water
years are available for five locations in the basin for Big Soos, Little Soos, Jenkins, Covington,
and Soosette creeks.

Big Soos Creek

Continuous water temperature data were collected at the King County stream gauge near the
mouth of Big Soos Creek (station 54A) from October 1997 to September 1999 (water years 1998
and 1999). The maximum recorded daily temperature during this period was 21.7°C in late July
1998. During the two-year period, the Class A standard of 18°C and the proposed 17.5°C rearing
standard were exceeded on 28 and 40 days, respectively in 1998, and on 11 and 20 days,
respectively in 1999, between mid-May and September. The proposed 14.5°C spawning standard
(September 15 to May 31) was exceeded on seven days from late April to late May 1998
(maximum of 17.1°C) and eight days in late September 1998 (maximum of 15.6°C). During
1999, it was exceeded on eight days from mid-April to late May (maximum of 18.1°C) and four
daysin late September (maximum of 15.3°C).

The proposed rearing standard of 15°C for the moving 7-day average of the daily maximum
temperatures was exceeded on 68 and 104 days in 1998 and 1999, respectively, from late May to
mid-September (maximums were 20.0 and 17.3°C). The proposed spawning standard of 12°C for
the moving 7-day average of the daily maximum temperatures (September 15 to May 31) was
exceeded on 11 and 13 days in October 1997 and 1998, respectively (maximum of 13.5 and
12.6°C), 38 and 21 days in mid-April to late May 1998 and 1999, respectively (maximum of
15.4 and 16.0°C) and 16 days during late September in both 1998 and 1999 (maximum of 15.7
and 14.6°C). These data suggest that temperature is a probable factor of decline for salmonids in
Big Soos Creek. This is based on somewhat frequent exceedances of the Class A and proposed
rearing and spawning standards (both maximum and the moving 7-day averages) of from 1 to
4°C.
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Little Soos Creek

Continuous water temperature data were collected at the King County stream gauge near the
mouth of Little Soos Creek (station 541) from October 1998 to September 1999 (water year
1999). The maximum recorded daily temperature during this period was 21.7°C in mid-June
1999. During the one-year period, the Class A standard of 18°C and the proposed 17.5°C rearing
standard were exceeded on 62 and 71 days, respectively, between mid-May and September. The
proposed 14.5°C spawning standard (September 15 to May 31) was exceeded on five days in
October 1998 (maximum of 16.3°C), 14 days in mid-April to late May 1999 (maximum of
19.4°C), and 11 daysin late September 1999 (maximum of 18.3°C).

The proposed rearing standard of 15°C for the moving 7-day average of the daily maximum
temperatures was exceeded on 124 days from late-May to late-September 1999 (maximum of
20.4°C). The proposed spawning standard of 12°C for the moving 7-day average of the daily
maximum temperatures (September 15 to May 31) was exceeded on 19 days in October 1998
(maximum of 14.6°C), 39 daysin late April to mid-May 1999 (maximum of 17.4°C) and 16 days
in late September 1999 (maximum of 17.3°C). These data suggest that temperature is a probable
factor of decline for salmonids in Little Soos Creek, based on frequent significant exceedances of
the existing Class A standard, and proposed rearing and spawning standards (for both maximum
and moving 7-day averages) of from 1 to 6°C.

Jenkins Creek

Continuous water temperature data were collected at the King County stream gauge near the
mouth of Jenkins Creek (station 26A) from October 1997 to September 1999 (water years 1998
and 1999). The maximum recorded daily temperature during this period was 17.8°C in late July
1998. During the two-year period, the Class A standard of 18°C was never exceeded and the
proposed 17.5°C rearing standard was exceeded on two days in late July 1998. The proposed
14.5°C spawning standard (September 15 to May 31) was exceeded on one day in late May 1999
(maximum of 15.1°C) and on three days in late September 1999 (maximum of 14.6°C).

The proposed rearing standard of 15°C for the moving 7-day average of the daily maximum
temperatures was exceeded on 55 days from mid-July to mid-September 1998 (maximum of
17°C) and for 40 days from mid-July to late August 1999 (maximum of 15.9°C). The proposed
spawning standard of 12°C for the moving 7-day average of the daily maximum temperatures
(September 15 to May 31) was exceeded on 13 days in late April to mid-May 1998 (maximum of
13.5°C) and 15 days in late September 1998 (maximum of 14.6°C). In water year 1999, the
spawning standard was exceeded on 12 days in mid- to late-May (maximum of 14.1°C) and 15
days in late September (maximum of 14.2°C). These data suggest that temperature is a possible
factor of decline for salmonids in Jenkins Creek, based on somewhat frequent exceedances of the
proposed rearing and spawning standards (based on moving 7-day averages) of from 1 to 2°C.

Covington Creek

The maximum recorded daily temperature in Covington Creek (station 9A) during water years
1998 and 1999 was 20.2°C in early August 1998. During the two-year period, the Class A
standard of 18°C was exceeded on 14 days in July/August 1998 and two days in early September
1999. The proposed 17.5°C rearing standard was exceeded on 17 and four days in 1998 and
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1999, respectively. A single measurement (23.2°C) was above the migration threshold of 21°C at
station R320 (collected as part of routine monitoring). The proposed 14.5°C spawning standard
(September 15 to May 31) was exceeded on two and one days in late May 1998 and May 1999,
respectively (maximum of 16.8°C), on 10 days in late September/October 1998 (maximum of
17.3°C) and on 10 days in September 1999 (maximum of 17.6°C).

The proposed rearing standard of 15°C for the moving 7-day average of the daily maximum
temperatures was exceeded on 66 days from mid-July to mid-September 1998 (maximum of
18.8°C) and for 17 days from late August to mid-September 1999 (maximum of 16.6°C). The
proposed spawning standard of 12°C for the moving 7-day average of the daily maximum
temperatures (September 15 to May 31) was exceeded on six days in October 1997 (maximum of
13.7°C), 24 days in May 1998 (maximum of 13.1°C), and 16 days in late September 1998
(maximum of 14.6°C). In water year 1999, the spawning standard was exceeded on 13 days in
October 1998 (maximum of 14.8°C), nine days in late May 1999 (maximum of 13.1°C) and 16
daysin late September (maximum of 15.7°C). These data suggest that temperature is a probable
factor of decline for salmonids in Covington Creek, based on frequent exceedances of the
proposed rearing and spawning standards (based on moving 7-day averages) of from 1 to 4°C.

Soosette Creek

Continuous water temperature data were collected at the King County stream gauge near the
mouth of Soosette Creek (station 54H) from October 1998 to September 1999 (water year 1999).
There were considerable data gaps in water year 1998, so those data are not included in this
analysis. The maximum recorded daily temperature during this period was 20.2°C in early
August 1999. During the one-year period, the Class A standard of 18°C and the proposed 17.5°C
rearing standard were exceeded on 34 and 57 days, respectively, between late May and
September. The proposed 14.5°C spawning standard (September 15 to May 31) was exceeded on
20 days from mid-April to late May 1999 (maximum of 18.3°C), and 16 days in late September
1999 (maximum of 17.8°C).

The proposed rearing standard of 15°C for the moving 7-day average of the daily maximum
temperatures was exceeded on 132 days from late-May to late-September 1999 (maximum of
19.6°C). The proposed spawning standard of 12°C for the moving 7-day average of the daily
maximum temperatures (September 15 to May 31) was exceeded on 19 days in October 1998
(maximum of 13.5°C), 51 days in mid-April to late May 1998 (maximum of 17.1°C) and 16 days
in late September 1998 (maximum of 17.8°C). These data suggest that temperature is a probable
factor of decline for salmonids in Soosette Creek, based on frequent significant exceedances of
the existing Class A standard, and proposed rearing and spawning standards (for both maximum
and moving 7-day averages) of from 1 to 6°C.

In summary, temperature is a probable factor of decline for salmonids in the Soos Creek basin
for both rearing and spawning in the Soosette, Little Soos and Covington tributaries and the
mainstem of Big Soos and a possible factor of decline in Jenkins Creek.

Dissolved Oxygen
Segments of Big Soos, Little Soos and Soosette Creeks are listed on the State’s 303(d) list of
impaired water bodies for failing to meet state surface water quality DO standards. The listings
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are based on numerous excursions measured between 1991 and 1997 at sampling stations L 320
(Big Soos RM 10.5), M320 (Big Soos RM 10.0), U320 (Little Soos RM 4.7), X320 (Little Soos
RM 3.1), and Y 320 (Soosette RM 3.9).

Based on water quality data from 1996 through 1999, the following conclusions can be drawn:

1. Big Soos Creek. Fifty-four of 141 DO measurements at stations L320, M320, N320 and
Q320 were below Class A and proposed salmonid rearing standard (8.0 mg/L); none of the
76 DO measurements at A320 and P320 were below this standard. In addition, 146 of 217
DO measurements at all sampling locations were below the proposed incubation standard
(20.5 mg/L); many of these excursions occurred during the defined salmonid incubation
period.

2. Little Soos Creek. Twenty of 51 DO measurements were below the Class A and proposed
salmonid rearing standard (8.0 mg/L) a sampling station U320; none of the 53
measurements at stations G320 and T320 were below this standard. In addition, 70 of 104
DO measurements were below the proposed salmonid incubation standard (10.5 mg/L) at all
sampling locations; many of these excursions occurred during the defined salmonid
incubation period.

3. Jenkins Creek. All data at sampling station D320 were greater than the Class A and
proposed salmonid rearing standard. However, 14 of 39 DO measurements were below the
proposed salmonid incubation standard (10.5 mg/L), and many of these occurred during the
defined salmonid incubation period.

4. Covington Creek. All 127 DO measurements at sampling stations C320, R320 and S320
were greater than the Class A and proposed salmonid rearing standard (8.0 mg/L). However,
44 of 127 DO measurements at all stations were below the proposed salmonid incubation
standard (10.5 mg/L); many of these excursions occurred during the defined salmonid
incubation period.

5. Soosette Creek. Twenty-two of 100 DO measurements at al stations were below than the
Class A and proposed salmonid rearing standard (8.0 mg/L). In addition, 44 of 100 DO
measurements at all stations were below the proposed salmonid incubation standard (10.5
mg/L); many of these excursions occurred during the defined salmonid incubation period.

In summary, it appears that DO is probably of concern for salmonids in the Soos Creek subbasin.
When evauating individual DO readings, the King County data from 1996 through 1999
exceeded the water quality standards on some occasions, and therefore, support the 303(d)
listing.

Turbidity/TSS

None of the Soos Creek subbasin is listed on the State’s 303(d) list of impaired water bodies for
failing to meet state surface water turbidity standards. Based on the available water quality data
from 1996 through 1999, average non-storm turbidity ranged from 0.6 to 4.9 NTUs. The limited

storm turbidity data ranged from 0.7 to 5.1 NTUs, except for one measurement at station B320
that was 22 NTUs. When considering al of the data (both non-storm and storm), all but four
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measurements were less than 20 NTUs; the maximum turbidity measurement was 27 NTUs at
sampling station B320.

Average non-storm TSS in the Soos Creek subbasin ranged from 0.66 to 6.06 mg/L, athough a
few individual measurements were as high as 137 mg/L. Although these were not classified as
storm samples, these peak measurements probably occurred shortly after a storm event or some
other disturbance that caused a short-term increase in TSS. Storm measurements ranged from
<0.5 to 22 mg/L. These data suggest that TSS concentrations in the Soos Creek subbasin
occasionally exceed levels that could cause sub-lethal effects if the concentrations were
maintained for a long enough duration. However, the duration of the elevated TSS
concentrations is unknown and therefore, potential effects cannot be determined. On average,
TSS does not appear to be of concern for salmonids, although more data, including concentration
and duration, are needed.

pH

None of the Soos Creek subbasin is listed on the State's 303(d) list of impaired water bodies for
failing to meet state surface water pH standards. Based on the available data from 1996 through
1999, pH is aways between 6.5 and 8.0 at al stations except L320, G320, T320, U320 and
X320. At Big Soos (station L320), the two excursions (out of 39 measurements) were 6.1 and
6.4. At the Little Soos Creek sampling stations, one of 39 measurements was 6.3 at G320, two of
16 measurements were 6.4 at T320, and two of 38 measurements were 6.3 at U320. Findly, at
Soosette Creek station X320, one of 22 measurements was 6.3. Overall, however, 451 of 459 pH
measurements in the Soos Creek subbasin were between 6.5 and 8.0. Therefore, pH is unlikely to
be of concern for salmonids, although it may influence the potential toxicity of other chemicals
(e.g., metas).

Ammonia

Based on the available water quality data from 1996 through 1999, ammonia is not expected to
be of concern for salmonids as none of the data exceed either the acute or chronic water quality
standard for ammonia.

Metals

The metals evaluated here (aluminum, arsenic, cadmium, chromium, copper, lead, mercury,
nickel, selenium, silver and zinc) suggest that they are not of concern for salmonids, with the
possible exception of aluminum. Although there are no state water quality standards for
aluminum, all three aluminum samples at station A320 exceeded the EPA chronic water quality
criterion (87 pg/L). Although the limited data exceed the EPA criterion, it is not likely in atoxic
form because the anaytica method for determining total recoverable aluminum probably
dissolves some aluminum that is not toxic and cannot be converted to a toxic form under natural
conditions (U.S. EPA 1988). In addition, these data were collected under storm conditions where
elevated suspended solids and organic matter concentrations tends to bind more of the dissolved
metal, thereby reducing its bioavailability. However, because data are limited, further
evauations of aluminum should be conducted to confirm whether it is of concern for salmonids.
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The same pattern for the basin as a whole is applicable to the Soos Creek data with regard to the
detection limits for mercury and selenium (see section 4).

WATER QUALITY TRENDS IN THE SOOS CREEK BASIN

A recent analysis of 20-year trends (1980-99) in King County streams (King County, 2000)
examined trends for data collected at four stations (A320, C320, D320, G320) in the Soos Creek
Basin (see Figure WQ-2). Time-series plots were used as a preliminary screening tool to
examine trends. If a trend was suggested by the time-series plot, the data were then assessed
using a Seasonal Kendall’s Trend test to test for statistically significant trends. Summary results
of the study follow:

1. Dissolved Oxygen. During baseline conditions, average DO levels at Soos Creek (A320)
were 11.3 mg/L, the highest concentration of any stations in the study. There was no long-
term increasing or decreasing trend in DO levels at the four sites.

2. Temperature. Temperature has increased at 19 of 23 sites in the study over the 20-year
period, including two of four in the Soos Creek basin (based on the Seasonal Kendall’s
Trend test). It was concluded that most of this increase is probably attributable to
urbanization and development, including increased stormwater runoff, and loss of riparian
vegetation. This is because there were no temperature trends detected for the same period
from two sites on the Middle Green River (stations A319 and B319), both of which are in
areas that have experienced little development.

3. Turbidity/TSS. Soos Creek (A320) typically exhibited the lowest average turbidity and TSS
over the 20-year period for the 23 sites. Baseflow turbidity averaged 1.4 NTU and 2.8 NTU
during the dry and wet seasons, respectively. TSS values at Soos Creek averaged 3.4 mg/L.
There were no apparent trends for turbidity, but time-series plots suggested that baseflow
levels of TSS have been decreasing over time. Only Little Soos Creek (G320), however,
showed a statistically significant decreasing trend. Soos Creek (A320) exhibited the highest
storm turbidity value (272 NTU) of the nine sampling locations in King County for which
stream storm data were available during the 20-year study period (King County 2000).

4. Ammonia. Soos Creek also had the lowest average value for ammonia at 0.035 mg/L.
Covington Creek (C320) was the only Soos subbasin site to experience a statistically
significant increase in ammonia over the study period, but it does not exceed the state
standard.

Water quality trend data were not available for other parameters, such as metals.
Turbidity

It is important to note that turbidity data for the Soos Creek basin have been highly variable. As
noted above, Soos Creek exhibited the lowest average turbidity (1.4 NTU) during baseflow
conditions over the 20-year study period for the 23 sites monitored. Conversely, it also exhibited
the highest storm turbidity value (272 NTU) of nine sites monitored during storm conditions
during this same period. For the most recent data evaluated in this report (1996-99), the highest
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turbidity value observed during storm conditions was 27 NTU and average non-storm turbidity
ranged from 0.6 to 4.9 NTU.

Contrary to the recent data, however, hatchery staff at the Soos Creek State Fish Hatchery notes
that there are problems with excess turbidity in Soos Creek (Kerwin personal communication
2000). The hatchery utilizes a 1/8-acre pond as a settling basin to remove sediment from creek
flows prior to its incubation room. Even with the settling basin, there are occasions during the
wet season when it is necessary to sweep silt off the eggs up to three times per week. This
phenomenon may be explained by either or both of the following scenarios. (1) possible
discrepancies between direct observations on a regular basis and data collected during infrequent
sampling events, and/or (2) the potential adverse impacts of even moderate turbidity levels
during storms on salmonid eggs.

BIOLOGICAL MONITORING IN THE SOOS CREEK BASIN

The Soos Creek basin has been the most extensively monitored for aguatic insects in
theGreen/Duwamish watershed. Table WQ-9 shows the B-IBI scores for eight different
monitoring stations in the Soos Creek basin between 1995 and 1998. Lower Soosette Creek had
the highest index (average = 35) and Little Soos Creek had the lowest index (average = 14). Five
of the eight stations were characterized as fair, two of the eight stations were characterized as
poor, and one very poor.

Aquatic insect sampling also occurred at one station on Meridian Valley Creek in the Big Soos
Creek basin by SalmonWeb (2000) during 1999. The B-1BI score was 14, which is characterized
as very poor on the B-1BI index.

TableWQ-9. B-IBI scores for streams in the Soos Creek Basin for 1995 to 1998.
Macroinvertebrate Monitoring Sites 1995 Scores | 1997 Scores | 1998 Scores
Lower Covington Creek 34 30 N/A
Upper Covington Creek * 32 N/A
Lower Soos Creek 28 28 N/A
Upper Soos Creek 20 20 N/A
Lower Jenkins 30 28 30
Upper Jenkins N/A N/A 22
Lower Soosette Creek 36 N/A 34
Little Soos Creek 14 14 N/A

* Indicates that scores could not be calculated.

N/A = not available.

DATA GAPS

There are probably sufficient data to characterize temperature, dissolved oxygen, pH and
ammoniain the Soos Creek subbasin. Available TSS data do not include duration, without which
potential effects cannot be accurately evaluated. Furthermore, there are relatively few metals data
(between three and 16 occasions), and all were collected under storm conditions. Therefore,
additional metals data are needed, especially under baseline (non-storm) conditions.
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Other classes of parameters for which no data are available represent significant data gaps. No
data were available for pesticides and herbicides, PAHs, or phthalate esters.

MILL (HILL) CREEK

Mill Creek originates from Lake Doloff and Lake Geneva on the plateau west of the Green River
Valley. The creek flows from these lakes down Peasley Canyon, a steep ravine that reaches the
valley floor near the intersection of SR-18 and SR-167. The Mill Creek basin is approximately
22 square milesin area and also includes Mullen Slough and Midway Creek (see Figure WQ-1).
Five jurisdictions are contained in the Mill Creek basin: King County, Federa Way, Algona,
Kent, and Auburn. A comprehensive Mill Creek Water Quality Management Plan was compl eted
by King County in 1993 (King County 1993).

Most of the upland plateau area in the west of the basin is residential. Much of the valley floor to
the east is a mixture of commercial and industrial structures, agriculture, idle pasture, and open
space with scattered homes. The southeastern and southern areas are heavily urbanized.

Mill Creek is classified as a Class A surface water (WAC-173-201A-120). According to the
Green/Duwamish Nonpoint Action Plan (King County 1989), the Mill Creek, Mullen Slough,
and Midway Creek drainages are “the most polluted streams draining into the Green/Duwamish
system.” Metro (1991) identifies Mill Creek as one of two streams in its survey having the
poorest water quality, with chronically low dissolved oxygen (DO) levels and high temperatures,
bacterial counts, nutrients and turbidity.

Three reaches along Mill Creek are listed on the state’s 303(d) list of impaired water bodies for
failing to meet state surface water standards. The reach near the mouth of Mill Creek is listed for
fecal coliforms and DO. Further upstream on Mill Creek, these same two parameters and
temperature are listed. Lastly, the reach of Mill Creek just upstream of Peasley Canyon is listed
for feca coliforms. The reach of Mullen Slough near its mouth at the Green River is also listed
for fecal coliforms, temperature, and DO.

According to the Mill Creek Water Quality Management Plan (King County 1993), the most
significant water quality problemsin Mill Creek are:

A severe depression or sag in DO levels between approximately river mile (RM) 5.6 and
RM 3.3 in Auburn (see Figure WQ-6). Dissolved oxygen levels in this reach are regularly
below the standard of 8 mg/L and often as low as 3 mg/L. There are also extremely low
DO levels in the Algona tributary that enters Mill Creek at the SR-18 and SR-167
intersection.

High summer water temperatures in the Algona tributary and in Mill Creek from the outlet
of Peasley Canyon to the mouth. Average daily maximum temperatures from July 20 to
September 10, 1991 were nearly 20°C in Mill Creek.

Erosion of stream banks in Peasley Canyon, causing high suspended solids and turbidity
downstream.
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Management Plan, King County 1993).
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MULLEN SLOUGH

The Mullen Slough watershed, within the Mill Creek Basin, covers approximately 3,400 acres in
area. Three small streams flowing from the uplands along the west side of the basin originate in
Lakes Star and Fenwick and Bingaman Pond. Land use in the valley floor is essentially
agriculture, wetlands, or idle lands, and residential or undeveloped forest in the uplands.
Baseflow and storm events were sampled by King County between February 1990 and February
1991. The most significant water quality problems in Mullen Slough identified by King County
(1993) are similar to Mill Creek, including low DO levels, high summer water temperatures, and
high ammonia-nitrogen concentrations.

DO levels in flows coming from the uplands, entering Mullen Slough from the west,
typically range between 8 and 12 mg/L. However, downstream in Mullen Slough, near the
confluence with the Green River, DO istypically below 6 mg/L and frequently aslow as 2
mg/L. Low values have been measured even during the winter months.

Temperatures in Mullen Slough regularly exceed state standards during the summer
months. From July 20 to September 10, 1991, maximum daily temperatures averaged
22°C during low flow conditions.

Ammonia-nitrogen concentrations in lower Mullen Slough during the sampling period
(King County 1993) were measured between 4 and 8 mg/L, considerably higher than the
chronic standard of about 1.8 mg/L. Because the upland station did not exhibit such
elevated levels, poor manure handling practices in the valley floor appear to be the
primary source of elevated ammonia levels.

MIDWAY CREEK BASIN

The Midway Creek basin encompasses about 750 acres in the northern portion of the Mill Creek
basin. The upland area is mostly developed. South of SR-516 is mostly developed in residential
uses with discharges to a steep ravine in the south fork of Midway Creek. The watershed has
approximately four miles of heavily used roads (Interstate-5, SR-516 and Military Rd.). The
Kent-Highlands landfill site (90 acres) is also within this watershed; however, the stormwater
that directly enters Midway Creek does not appear to come from refuse areas.

Analysis of data from 1986 to 1989 from Station 8 in Kent (near the mouth of Midway Creek)
(Kent 1991) indicates that the water quality is generally good, with the exception of fecal
coliforms (King County 1993). Temperature, DO and metals typically met standards, although
the DO concentrations were usually less than 100 percent saturation (King County 1993).

WATER QUALITY—EXISTING CONDITIONS

Only one station in the Mill Creek subbasin was included in the King County Streams program
between 1996 and 1999. The station (A315) is located near the mouth of Mill Creek just west of
the West Valey Highway (Hwy 167) (Figure WQ-2). The surrounding area contains several
major roadways, pastureland and low-density residential development.

Page 1.2-54 WRIA 9 Habitat-limiting Factors and Reconnaissance Report — Part Il



At station A315, six parameters (temperature, DO, pH, turbidity, TSS and ammonia) were
analyzed in 36 to 38 samples during nonstorm conditions between 1996 and 1999. These same
parameters were measured during storm conditions on 14 occasions. Additionaly, total and
dissolved metals (arsenic, cadmium, chromium, copper, lead, mercury, nickel, selenium, silver
and zinc) were analyzed at station A315 during storm conditions on roughly 13 and 7 occasions,
respectively. Total and dissolved aluminum was anayzed on three and one occasions,
respectively, during storm conditions. Comparisons of data to standards or criteria are detailed
below.

Temperature

Continuous water temperature data were collected at the King County stream gauge near the
mouth of Mill Creek (station 41A) from October 1999 to September 2000 (water year 2000). The
maximum recorded daily temperature during this period was 23.8°C in late June 2000, which
exceeds the migration blockage threshold (21°C). The Class A standard of 18°C and the
proposed 17.5°C rearing standard were exceeded on 69 and 77 days, respectively, between May
and September 2000. The proposed 14.5°C spawning standard (September 15 to May 31) was
exceeded on 33 daysin April and May of 2000 (maximum of 19.3°C).

The proposed rearing standard of 15°C for the moving 7-day average of the daily maximum
temperatures was exceeded on 121 days during water year 2000 from early May to mid-
September. It was continuously over 15°C from mid-May to mid-September. The maximum 7-
day average was 22.5°C in early August. The proposed spawning standard of 12°C for the
moving 7-day average of the dailly maximum temperatures (September 15 to May 31) was
exceeded continuoudly from April 3 to May 31, 2000 (maximum of 17.7°C in late May). No data
were available for late September 2000. These data indicate that temperature is a probable factor
of decline for salmonids in Mill Creek, based on frequent large exceedances of the Class A
standard and proposed rearing and spawning standards of 4 to 6°C.

Dissolved Oxygen

Numerous DO concentrations (minimum of 2.5 and 4.8 mg/L for non-storm and storm
conditions, respectively) were below the Class A and proposed salmonid rearing water standard
(8.0 mg/L). In addition, DO concentrations were always below the proposed salmonid incubation
standard (10.5 mg/L) at station A315 between 1996 and 1999 during the defined incubation
period (see Figure WQ-7). Chinook are not known to spawn in this reach of Mill Creek,
however, coho, chum, and winter steelhead adults have been observed spawning in Mill Creek
(WDFW Spawning Ground Survey database, Malcom pers comm, see FOD subbasin chapter).
Thus, the incubation standard would be applicable to this location, indicating that this reach is a
known problem area for salmonids. This reach had the lowest DO concentrations during the
1996-99 study period. Based on DO levels falling below both the incubation and rearing standard
for thisreach, DO in this areais a probable factor of decline for salmonids.

Turbidity/TSS

Average turbidity is 8 and 13 NTUs for non-storm and storm conditions, respectively, with a
peak storm turbidity measurement of 34 NTUs. TSS concentrations averaged 6 and 18 mg/L for
storm and non-storm conditions, respectively, with a peak storm measurement of 54 mg/L.
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During storm events, TSS concentrations occasionally exceeded levels that could cause sub-
lethal effects if the concentrations were maintained for a long enough duration. However, the
duration of the elevated TSS concentrations is unknown, and therefore, the potential effects
cannot be determined.

pH

Nearly all measurements were between 6.5 and 7.6. Only four of 52 measurements were below
the Class A standard of 6.5, with a minimum measurement of 6.3. Therefore pH in Mill Creek in
the vicinity of A315 is unlikely to be of concern for salmonids, although it may influence the
potential toxicity of other chemicals (e.g., metals).

Ammonia

The ammonia data collected from 1996 to 1999 were below both the acute and chronic state
water quality standards for ammonia. Therefore, ammonia is not expected to be of concern for
salmonids at station A315. However, it should be noted that historic data indicated a problem
with ammonia levels exceeding the chronic standard along Mullen Slough.

Metals

The metals evaluated at station A315 (aluminum, arsenic, cadmium, chromium, copper, lead,
mercury, nickel, selenium, silver and zinc) are not of concern for salmonids, with the possible
exception of aluminum. Although there are no state water quality standards for aluminum, each
of the three aluminum samples (collected during storm conditions) exceeded the EPA chronic
water quality criterion (87 pg/L). Two of the three samples (1,410 and 1,610 pg/L), exceeded the
EPA acute water quality criterion (750 pg/L). Although the limited data exceed the EPA
criterion, it is not likely in a toxic form because the analytica method for determining total
recoverable aluminum probably dissolves some auminum that is not toxic and cannot be
converted to atoxic form under natural conditions (U.S. EPA 1988). In addition, these data were
collected under storm conditions where elevated suspended solids and organic matter
concentrations tends to bind more of the dissolved metal, thereby reducing its bioavailability.
However, because data are limited, further evaluations of aluminum should be conducted to
confirm whether it is of concern for salmonids.

The same pattern for the basin as awhole is applicable to the Mill Creek data with regards to the
detection limits for mercury and selenium (see section 4).

DATA GAPS

There are probably sufficient data to characterize temperature, DO, pH and ammonia at station
A315; however, no data were available for any other location on Mill Creek. Therefore, the
gpatial variability of these parametersin Mill Creek is a data gap, since station A315 is likely not
representative of the entire subbasin. For instance, historic data on Mullen Slough showed
exceedances of the chronic ammonia standard, even though they did not occur on Mill Creek.
Available TSS data do not include information on duration, therefore, potential effects cannot be
accurately evaluated. Furthermore, there are relatively few metals data (between one and 13
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occasions), and all were collected under storm conditions. Therefore, additional metals data are
needed, especially under baseline (non-storm) conditions.

Other classes of parameters for which no data were available represent significant data gaps. No
data were available for pesticides and herbicides, PAHs, or phthalate esters.

BLACK RIVER BASIN (SPRINGBROOK CREEK)

The Black River has undergone maor changes over the past century. Significant drainage
modifications have substantially reduced the size of the Black River basin to a 24-square mile
area on the east side of the Green River south of Renton. Springbrook Creek, originating in the
south of the basin in Kent, is the primary stream draining this basin. The Black River Basin
Water Quality Management Plan (City of Renton 1993), developed by the City of Renton,
contains the most detailed information on water quality for this basin. Water quality data (Kent
1991) and fisheries assessment information (Kent 1995) has also been collected by the City of
Kent in the lower portion of the basin. One station at the mouth of Springbrook Creek (0137) is
regularly monitored for water quality by the King County streams program.

The entire Black River basin is developed in urban land uses, lying west of the urban growth
boundary. Approximately 27 percent of the basin lies in Renton, 65 percent in Kent, less than 2
percent in Tukwila, and the remainder in unincorporated King County. Land uses within the
basin are primarily residential, commercial, and industrial with severa maor freeways
(Interstate 405, Highway 167). There is also a Superfund site at Western Processing in Kent.

Springbrook Creek is on the 303(d) list for DO, temperature, feca coliforms, and a variety of
metals (chromium, cadmium, copper, mercury, and zinc). A segment of Mill Creek (Kent),
which drains into Springbrook Creek, is aso on the 303 (d) list for metals (cadmium, copper,
zinc) and sediment (based on a sediment bioassay).

WATER QUALITY—HISTORICAL CONDITIONS

Water quality and flow data have been collected at station 0317 since 1977 by King County
(Metro). The Department of Ecology collected water quality data near the mouth of Mill Creek
(station 09EO70) from 1984 to 1990. Chronic water quality problems in the basin include
exceptionally low concentrations of DO, high turbidity, high levels of fecal coliform bacteria,
TSS, and ammonia.

Springbrook Creek DO has been as low as 2.1 mg/L with a mean of 6.4 mg/L between 1986-
1991 (based on the Metro data). During this same period, mean turbidity was 26 NTU (range: 2.2
to 170) and mean suspended solids was 61 mg/L (range: 5.1 to 2,384). The mean for copper was
9.8 pg/L (range: <2 to 29) in comparison to the chronic criterion of 7 pg/L (for a hardness of 50
mg/L).

Water quality was monitored for the Black River Basin Plan from September 1991 to April 1992
(City of Renton 1993). Two stations were located on Springbrook Creek and one on the Black
River. These study results were similar to the previous data, including elevated temperatures and
low DO levels (although it is important to note that no summer sampling was included in this
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study). There were also high levels of metals, fecal coliform bacteria, nutrients and turbidity
during storm flows.

Stream sediment loading within the basin is contributed from two primary sources. soil erosion
and stream channel erosion (City of Renton 1993). Soil erosion is caused primarily by land
clearing activities associated with construction and development. Stream channel erosion is
common in the steeper gradient portions of Panther Creek and Springbrook Springs tributary
where excess runoff from development has accelerated natural erosion processes. Sediment
deposits in the lower section of Springbrook Springs have reached depths of five feet (King
County 1987).

The Black River Basin plan (City of Renton 1993) notes that under present conditions, the lack
of suitable spawning habitat and questionable rearing capacity due to degraded water quality,
especialy during warm summer months, result in both Springbrook Creek and Panther Creek
offering little in the way of fish habitat. It further states that the presence of heavy metals
represents a potentially adverse factor for the aguatic resources of the basin.

The City of Kent Water Quality Program report (Kent 1991) summarizes results of sampling
from 1986 to 1989 at six stations in the basin for eight parameters (temperature, DO, turbidity,
ammonia, nitrate, fecal coliform, zinc, and total phosphorus). The report noted that water quality
a most sampling stations was poor, with particularly degraded conditions at station 1
(Springbrook Creek just downstream of the confluence with Mill Creek) and station 5 (lower
Mill Creek). Standards were routinely exceeded for DO, zinc, fecal coliforms, and turbidity.

WATER QUALITY—EXISTING CONDITIONS

King County collected data from one location near the mouth of Springbrook Creek (sampling
station 0317) for the Stream Monitoring Program between 1996 and 1999 (Figure WQ-1). At
station 0317, six parameters (temperature, DO, pH, turbidity, TSS and ammonia) were anayzed
in 37 samples during nonstorm conditions between 1996 and 1999. These same parameters were
measured during storm conditions on 13 occasions. Additionally, total and dissolved metals
(arsenic, cadmium, chromium, copper, lead, mercury, nickel, selenium, silver and zinc) were
analyzed at station 0317 during storm conditions on roughly 12 and 6 occasions, respectively.
Total aluminum was analyzed on three occasions during storm conditions. Comparisons of data
to standards or criteria are detailed below.

Temperature

The 303(d) temperature listing for Springbrook Creek is based on excursions measured at
Ecology sampling stations 09E070 (RM 0.1) and 09EQ90 (RM 1.5) on Mill Creek between 1988
and 1996. No continuous temperature data were available for Springbrook Creek. Based on the
water quality data from station 0317 from 1996 through 1999, only one exceedance of the Class
A standard (18°C) was measured. However, 14 of 37 measurements exceeded the proposed
salmonid spawning standard (14.5°C), two of which occurred during the salmonid spawning
season. In addition, two of the 37 measurements exceeded the proposed salmonid rearing
standard (17.5°C). No temperature measurements exceeded the salmonid migration threshold
(21°C). Together, these data suggest that temperature is a possible factor of decline for salmonids
in Springbrook Creek.
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Dissolved Oxygen

The 303(d) DO listing for Springbrook Creek is based on multiple excursions measured at the
same Ecology sampling stations that exceeded temperature standards. Based on the water quality
data from station 0317 from 1996 though 1999, only nine of 38 measurements met the Class A
and proposed salmonid rearing standard (8.0 mg/L), and only two of those met the proposed
salmonid incubation standard (10.5 mg/L). Therefore, DO is of concern for salmonids.

Turbidity/TSS

Based on the available water quality data from 1996 through 1999, average turbidity was 15
NTUs for both non-storm and storm data, with maximum values of 30 and 22 NTUS,
respectively. Only eight of 37 non-storm measurements and two of 12 storm measurements were
greater than 20 NTUs; however, no samples were less than 6.4 NTUs.

Average TSS was 9.1 and 29.7 mg/L for non-storm and storm measurements, respectively. The
maximum non-storm TSS measurement was 36.8 mg/L; the other 36 non-storm measurements
were between 3.2 and 20.6 mg/L. The maximum storm TSS measurement was 75.3 mg/L,
suggesting that TSS concentrations occasionally exceed levels that could cause sub-lethal effects
if the concentrations were maintained for a long enough duration. However, the duration of the
elevated TSS concentrations is unknown, and therefore, potential effects cannot be determined.
More data, including concentration and duration, are needed.

pH

Based on the water quality data from 1996 through 1999, 35 of 37 non-storm measurements were
between 6.5 and 7.4; two measurements were below at 6.3 and 6.4. Three of 13 storm
measurements were below 6.5, with a minimum of 6.1. All other storm measurements were
between 6.8 and 7.3. Therefore, overal pH is unlikely to be of concern for salmonids, athough it
may influence the toxicity of other chemicals (e.g., metals).

Ammonia

Based on the available water quality data from 1996 though 1999, ammoniais not expected to be
of concern for salmonids as none of the data exceed either the acute or chronic water quality
standard for ammonia.

Metals

The 303(d) listings for cadmium, copper, chromium, mercury and zinc are based on excursions
beyond state standards measured between 1984 and 1990 at Ecology sampling stations 09EQ70
(Mill RM 0.1) and 09E090 (Mill RM 1.5), King County sampling station 0317 (Springbrook
RM 1.0), and at stations described in Yake (1985). Metas evaluated in this report (aluminum,
arsenic, cadmium, chromium, copper, lead, mercury, nickel, selenium, silver and zinc) using the
1996 though 1999 data suggest that metals are not of concern for salmonids, with the possible
exception of aluminum. Although there are no state water quality standards for aluminum, all
three auminum samples at station 0317 exceeded the EPA chronic water quality criterion (87
Hg/L). Two of the three samples exceeded the EPA acute criterion (750 pg/L). Although the
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limited data exceed the EPA criterion, it is not likely in a toxic form because the analytical
method for determining total recoverable aluminum probably dissolves some aluminum that is
not toxic and cannot be converted to a toxic form under natural conditions (U.S. EPA 1988). In
addition, these data were collected under storm conditions where elevated suspended solids and
organic matter concentrations tends to bind more of the dissolved metal, thereby reducing its
bioavailability. However, because data are limited, further evaluations of aluminum should be
conducted to confirm whether it is of concern for salmonids.

The same pattern for the basin as a whole is applicable to the Springbrook Creek data with
regards to the detection limits for mercury and selenium (see section 4.).

BIOLOGICAL MONITORING IN MILL CREEK (KENT)

Aquatic insect sampling occurred at one station on Mill Creek (Kent) in the Black River Basin at
Earthworks Park in Kent during 1999 (SalmonWeb 2000). The B-IBI score was 10, which is
characterized as very poor on the B-IBI index. This was the lowest score recorded in the
Green/Duwamish watershed from the biological monitoring effort.

DATA GAPS

There are probably sufficient data to characterize temperature, DO, pH and ammonia in
Springbook Creek. The lack of continuous temperature data is a data gap because data do not
necessarily reflect daily maximum temperatures and the duration of temperature exceedances.
Similarly, available TSS data do not include duration, without which potential effects cannot be
accurately evaluated. Furthermore, although there appears to be adequate metals data collected
during storm events at station 0317, no baseline (non-storm) data were available. Therefore,
additional data are needed, especialy for aluminum. There are no recent metals data available for
other stations in the Black River Basin.

Other classes of parameters for which no data were available represent significant data gaps. No
data were available for pesticides and herbicides, PAHs, or phthalate esters.
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Figure WQ-5. Annual Recorded Maximum Temperature in the Duwamish River, 1970-
1998 (Pentec, 1999).
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2. MAINSTEM GREEN/DUWAMISH RIVER HABITAT CONDITIONS
SALMONID HABITATS IN THE MAINSTEM GREEN/DUWAMISH RIVER BASIN, WRIA 9

GENERAL OVERVIEW

The mainstem Green/Duwamish River is perhaps the most hydrologically and habitat altered
large river system in the Puget Sound ecosystem. Changes in the landscape began when early
Euro-American settlers started settling the lower basin sometime around 1850. These early
settlers began altering the habitats of the lower river valley in the vicinity of what is now Kent
and Tukwilla. Bank hardening projects probably started with the first railroad bridges in 1867,
levee construction was initiated before 1875, the White River was diverted into the Puyallup
River basin in 1906, the Black River diverted into Lake Washington in 1916, the City of Tacoma
water diversion dam was finished in 1913, Howard Hanson Dam completed in 1962 and most of
the Duwamish estuary had been filled by 1940. Currently, approximately 97 percent of the
historic estuary has been filled or deepened, 70 percent of the historic watershed has been
diverted out of the basin, and over 90 percent of the historic floodplain is no longer connected
due to the construction of flood protection structures (including Howard Hanson Dam).

The Green/Duwamish River has its origins in the Cascade Mountains at an approximate
elevation of 4500 feet south in the vicinity of Blowout Mountain and Snowshoe Butte. The river
flows for over 93 milesin a northwesterly direction and enters the Puget Sound estuary via Elliot
Bay. In this chapter, the mainstem Green/Duwamish River is subdivided into the habitat
parameters that effect the survival of salmonids as follows:

Hydrology (Chapter 2.1);
Sediment Transport (Chapter 2.2);
Hydromodification (Chapter 2.3);
Riparian (Chapter 2.4);

Fish Passage (Chapter 2.5); and
Non-Natives (Chapter 2.6).

Each habitat parameter has been further broken into river reaches that have been determined by
anthropogenic features. These river reaches are described by river miles in the manner of
Williams (1975) and are:

Green/Duwamish River estuary — RM 0.0to 11.0;

Lower Green River subwatershed - RM 11.0 to 32.0;

Middle Green River subwatershed - RM 32.0 to 64.5; and

Upper Green River subwatershed - RM 64.5 to RM 93 (headwaters).

Additionally, in the appropriate habitat parameters, we have included information on two

tributary streams (Soos Creek and Newaukum Creek) that are particularly important to chinook
salmon.
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2.1 HYDROLOGY
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2.1 HYDROLOGY

EXECUTIVE SUMMARY
LITERATURE REVIEW

Severa historic events and landuse trends have combined to have a profound effect on the
hydrology of the Green River. These include four large engineering projects:

Diversion of the White River in 1906;

Diversion of the Cedar/Black River in 1913;

Construction of Tacoma Water’s Headworks Diversion Dam in 1911; and
Construction of Howard Hanson Dam (HHD) in 1962.

In addition, construction of flood control levees as well as substantial agricultural devel opment
and urbanization in the lower basin have also influenced altered the hydrology of the Green River.

The flow regime of the lower Green River was first profoundly changed in the early 1900's by the
permanent diversion of the White River into the Puyallup River for flood control purposes. Soon
thereafter (in 1916), the Cedar/Black River was diverted into Lake Washington to facilitate
navigation through the Ship Canal. The White and Cedar/Black Rivers combined previoudy
comprised approximately 60 percent of the watershed in total acreage, and contributed a
commensurate amount of flow to the lower Green/Duwamish River. Diversion of the White River
in particular radicaly reduced summer low flows and altered the lower Green River's sediment
supply (Dunne and Dietrich 1978). The White River, being glacidly fed, tends to have higher
summer flows, and carries a greater sediment load (per unit drainage area) than the lower
gradient, non-glacial Green River. Recent groundwater investigations indicate that the White
River is still connected to the Green River via subsurface flows, providing approximately 56 cfs to
the lower river in the late summer (Pacific Groundwater Group 1999).

In 1911, the City of Tacoma constructed a diversion dam at RM 61 on the mainstem Green River
to capture water for municipal and industrial water supply. The dam and diverson were
completed in 1913. Since that time, Tacoma has been amost continuoudly diverting up to 113 cfs
from the mainstem Green River to meet the needs of the rapidly expanding population in Puget
Sound. This diversion constitutes approximately 12 percent of the average annua flow at Pamer,
the point of diversion. A portion of this water may be replaced during periods of high turbidity by
water drawn from awell field that taps the North Fork Green River aquifer.

In 1961, construction of HHD again substantially changes the hydrologic regime of the Green
River. Floods greater than approximately 12,000 as recorded at the USGS at Auburn cfs
(formerly a two-year return interval event) have been prevented, while the duration of moderate
flows (3,000 to 5,000 cfs) has increased due to metered release of floodwaters stored behind the
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dam. Howard Hanson Dam is aso authorized to store water during the summer to augment late
summer low flows. Seasona storage has inundated about 7.5 miles of former riverine habitat in
the Upper Green River sub-watershed. Filling of the conservation pool to target levels during the
late spring temporarily reduces flows and has historically intercepted freshets that were important
mechanism for initiating and expediting the downstream migration of juvenile salmonids,

More recently, urban development in the lower basin has resulted in substantial increases in
stormwater runoff from small tributary streams. This in turn has contributed to larger and more
frequent peak flows during the winter, and reduced recharge of shallow aquifers that formerly
sustained flows during the late summer and fall. Similar effects, though not as severe, occur in the
middle and upper watersheds as a result of land clearing for residential development, agriculture
and forestry. The overall effect of development on flows in the lower mainstem Green River is
difficult to discern due to the overwhelming changes in flow resulting from the diversions,
channelization, and HHD.

‘“NATURAL FLOW ANALYSIS"—HYDROLOGY ADDENDUM

In order to better understand the effects of these two significant public works projects on
downstream hydrology, a trial analysis of hydrologic change in the Green River was conducted.
This analysis is included as an addendum to this chapter. The primary goals of this analysis were
twofold: 1) to determine whether such an analysisis practical and feasible for assessing hydrologic
impacts on Green River ecology; and 2) to identify clear areas of hydrologic ateration and their
potential ecological implications.

The evaluation focused on the middle Green River between Palmer and Auburn, and addressed
only the effects of the operations of HHD and the City of Tacoma's flow diversion. No attempt
was made to evaluate “historic” conditions prior to the White and Cedar Rivers being diverted
from the watershed, or prior to logging practices commencing above HHD.

The technique utilized considers al major aspects of the flow regime having the potential to affect
ecological processes and habitat conditions in the study reach. Given the relatively new nature of
this type of analysis, results are preliminary and the methodology should be viewed as a tool that
can be modified to improve its relevance to evaluation of Green River ecology.

The Range of Variability approach developed by Richter et. a. (1996, 1997) was modified for
application to the Green River. The period of record used was 1964-1995. Flows for the “with-
projects’ condition were based on the measured data from the USGS gage site at Palmer. The
natural or “without-projects’ flows are based on a simulation using the Howard Hanson Reservoir
inflow data adjusted for reservoir storage and routing. The two data sets are consistent in terms of
underlying climate and land use conditions.

Several trends are evident between flow conditions with and without the HHD and Tacoma Public
Utilities projects. Median flow values were lower and there was an overall downward shift in flow
distributions for the with-projects scenario. These effects apparently result from the diversion of
up to 113 cfs from the river by the TPU project and from the reduction in flood peaks due to
HHD.
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One of the two original congressionally authorized purposes for HHD was low flow
augmentation. The analysis indicates that flow augmentation by HHD does not fully overcome the
flow reduction effects of the Tacoma diversion during low flow periods. The low flow conditions
in the river last longer than they would without the projects in place and the annual minimum flow
tends to occur two weeks earlier than without the projects.

Flood flows were substantially lower under the with-projects scenario. Peak flows in the 1964-
1995 period likely would have ranged up to 29,000 cfs without the projects in place (based on the
natural flow simulation), and 16 percent of the annual peaks would have been expected to be
greater than 11,000 cfs at Palmer. With the projects in place, no annual peak flows have exceeded
11,000 cfs. Managed flood peaks also lasted for longer periods of time under the with-project
scenario, albeit at greatly reduced levels.

The effects of the two projects are summarized in Table Hydro-ES1 below.
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Table Hydro-ES1. Summary of “Natural Flow Analysis” Findings.

Hydrologic
Characteristic

With
Projects

Potential
Ecological Implications

Annual minimum
and summertime
low flows

Flows less than 302 cfs occured
49percent more often and
summertime means and annual
minimum extremes were
consistently longer

Reduces spatial habitat for rearing

Decreases water depth in riffles, glides and pools.
May constrain upstream adult chinook
migrationReduces water velocity, may be
constraining downstream juvenile movement (e.g.,
outmigrant survival rates of coho tend to decrease
with decreased flows)Shallower water can lead to
higher temperatures where temperatures already
can exceed salmon preferences in the Green River
Decreases wetted width of river available for
spawning, forcing chinook to spawn closer to the
thalweg, where scour potential is generally greater.

May create adult chinook passage problems from
mainstem into Newaukum Creek

Timing of annual
minimum flow

The annual minimum flow
occurred two weeks earlier, in
late August rather than mid-
September

May affect timing of upstream adult migration

May create warmer, more stressful instream
conditions where temperatures already can exceed
salmon preferences

Annual maximum
flows (flood peaks)

Flood peaks were reduced, with
no flood flows above 11,000 cfs
at Palmer with the projects in
place (compared to one day
flows ranging up to 18,000+ cfs
without projects (and peak flows
even higher) and exceeding
11,000 cfs in 1 out of every 6
years)

River has less ability to create new side channel
habitat, reducing habitat for salmon as well as
recruitment of gravel from the floodplain

River has less ability to maintain existing side
channels

River has less ability to recruit wood into the
channel, reducing overall habitat quality

River margin habitats are less dynamic and
becoming artificially stable, reducing gravel
recruitment from stream margin

Flood durations

Durations of moderate flood
flows (greater than 5925 cfs)
were longer by 39percent

May increase frequency or duration of scour of river
bed gravel. Effects are compounded as fewer side
channels (where scour would be less) are being
created so more of the population spawns in the
mainstem

KEY FINDINGS: IMPACTS TO SALMONIDS RESULTING FROM HYDROLOGIC

ALTERATION

UPPER GREEN RIVER SUB-WATERSHED (RM 64.5 TO HEADWATERYS)

Upstream Migration

Subsurface flows have been observed in the North Fork Green River during late summer
(Noble 1969; Hickey 2000b), and could prevent salmonids from entering the river or
moving upstream. Operation of the North Fork well-field by Tacoma could reduce flows in
the North Fork, athough there is currently insufficient data on the extent of this potential

impact.
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Spawning and Incubation

One model suggests that timber harvest related disturbances have been extensive enough to
cause peak flow increases capable of modifying channel conditions (USFS 1996; O’ Connor
1996; Wetherbee 1997) and mainstem reaches just upstream of the Lester WAU have
recently experienced scour to a depth sufficient to cause redd mortality during high flows
(Fox and Cupp 1996).

The inundation of up to 7.7 miles of mainstem and tributary habitat has resulted in lower
water velocities, decreased oxygen levels, and increased sediment loads in the redd
environment, which can result in embryo and larval mortality. The associated decrease in
temperature with the increase in water depth can result in a delay of egg maturation.

Howard Hanson Dam and the Headworks Dam have resulted in the inaccessibility of over
100 miles of combined mainstem, tributary and side channel spawning habitat to
anadromous salmon.

Juvenile Rearing

Construction of HHD has resulted in a net loss of 7.7 miles of mainstem and tributary
rearing habitat (side channel habitat undetermined) due to inundation when operated at full
pool. This area has been converted into rearing habitat that fluctuates unnaturally from a
lake to free flowing depending on flood control responsibilities.

Downstream Migration

Downstream migrating salmonid smolts, especialy chinook, are delayed within the
reservoir behind HHD and subject to increased mortality in the reservoir and through the
dam bypass pipe and gates.

MIDDLE GREEN RIVER SUB-WATERSHED

Upstream Migration

Since 1913 the Tacoma water withdrawals at the Headworks have lowered summer low
flows in the mainstem. Howard Hanson Dam summer low flow augmentation (since 1964)
has helped to increased these flows but not to natural, pre-diversion levels. Low flows in
the late summer have only met instream flow requirements 9 out of the last 30 years
(30percent). Tacoma's First Diversion Water Right Claim (FDWRC) of 113 cfs is not
constrained by these minimum instream flow requirements.

Refill of the HHD conservation pool in the spring has historically prevented or truncated

spring freshets. The lack of freshets, especialy during the spring reservoir refill period may
delay steelhead upstream migration.
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Spawning and Incubation

Alterations in the natural flow regime during HHD refill operations may adversely impact
spring spawning and incubation success in off-channel habitats that become disconnected.

The dam flood flow manipulations result in an increase in the duration of flows that scour
spawning gravel from the streambed.

Late summer flows downstream of the Headworks (1911) diversion compel many chinook
to spawn towards the thalweg rather than the margins, increasing the probability of egg
loss due to streambed scour during higher winter flows.

Late summer low flows and associated shallow water over many riffles increase the energy
expenditure of upstream migrating adult chinook.

Late summer low flows and associated shallow water can reduce the number of chinook
that spawn in the downstream ends of side channels.

Summer low flows increase the difficulty adult chinook have moving from the Green River
into major spawning tributaries such as Newaukum Creek.

Juvenile Rearing

Lower than normal summer low flows have reduced the amount of rearing habitat and
exacerbated high summer water temperatures.

Refill operations at HHD have reduced the frequency of side-channel connectivity, which
would increase the probability that juvenile salmonids may become stranded in side
channels that become disconnected from the mainstem. Juvenile chinook have been
observed utilizing side channel habitats in the mainstem during the spring (Jeanes and
Hilgert 2000).

Downstream Migration

Spring refill operations a8 HHD have reduced flows and prevented spring freshets,
prolonging downstream migration of juvenile saimonids. This makes juvenile salmonids
more susceptible to predators and adverse water quality conditions. Green River Hatchery
chinook smolt releases have been shown to have higher surviva to the Duwamish with
increasing flow; only 40 percent of the smolts released survived when flows were
approximately 650 cfs at Auburn, while survival rates between 70 and 100 percent were
observed at flows higher than 2,000 cfs (Wetherall 1971).
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LOWER GREEN RIVER SUB-WATERSHED
Upstream Migration

The diversions of the White River and Cedar/Black Rivers atered the migration routes of
upstream migrating salmonids

The combined diversion of the White River and Cedar/Black Rivers reduced the drainage
area of the Green River basin by aimost 60 percent. Diversion of the White River reduced
summer flows in the lower Green River basin by roughly 50 percent. This resultsin the loss
of physical habitat area such as size of pools, depth of riffles and an increase in temperature
that could delay migration and harm fish.

Spawning and Incubation

Alterations in the natural flow regime during HHD refill operations may adversely impact
spring spawning and incubation success by disconnecting off-channel habitats. .

Juvenile Rearing

Low summer flows adversely impact the amount of rearing habitat and increase high
summer water temperatures.

Juvenile chinook, coho, steelhead, chum and cutthroat salmonids have been observed
utilizing side channel habitats in the mainstem during the spring (Jeanes and Hilgert .2000).
Refill operations at HHD have reduced the frequency of side-channel connectivity, which
would increase the probability that juvenile salmonids may become stranded in side
channels that become disconnected from the mainstem.

The diversion of the White and Cedar/Black Rivers and construction of revetments reduced
the channel width and caused the Green River to form a new, lower floodplain, cutting of
access to former off-channel rearing habitats.

The amount of urbanization increases the frequency, magnitude and duration of stormwater
runoff that adversely impacts salmonid rearing habitat.

KEY FINDINGS--MAJOR TRIBUTARIES
Upstream Migration

The affects of urbanization and groundwater withdrawals have reduced summer low flows,
which may delay the upstream migration of adult chinook salmon in Newaukum and Soos
Creeks.

Spawning and Incubation
Impervious surfaces resulting from urbanization increases the volume of stormwater

discharged into a stream for a given storm event. This action increases the height of peaks
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and creates new peaks where none previously existed, potentially increasing the frequency
of scouring and deposition. This further reduces egg and aevin survival.

Juvenile Rearing

Increases in urbanization and groundwater withdrawals have reduced summer low flows,
reducing the amount of available salmonid rearing habitat and exacerbating increases in
summer water temperatures (water quality degradation).

As urbanization increases, the volume of stormwater discharged into a stream for a given
storm event also increases. This action increases the height of peaks and creates new peaks
where none previoudy existed potentialy increasing the downstream displacement of
emergent fry and reducing quality of overwintering habitat.

DATA GAPS

There is little information available to assess the historic impacts of operation of Tacoma's
North Fork well field on fish passage in the North Fork Green River

The results of the trial “Natural Flow Analysis’ suggest several data gaps where additional
research into flow records and/or records of operations may improve these conclusions.
Two of the most important are listed below:

- Howard Hanson Dam operations--The analysis of managed conditions is wholly based
on the measured flows at Palmer over the period of record, even though HHD
operations have changed during that time period. In particular, changes in spring refill
timing and flood ramping rates may have an impact on downstream hydrologic
conditions. The model could be revised to clearly define HHD operating guidelines and
simulate managed conditions over the entire time period asif current operations had
prevailed.

- TPU flow diversion records and protocols--Review of diversion records would improve
the evaluation of diversion impacts during extreme low flow periods by isolating the
effects of the diversion from HHD flow augmentation operations. From a comparison
of mean monthly flows for with-and without-projects conditions, it is clear that the
entire 113 cfs diversion right was not always implemented.

METHODS AND APPROACH

Hydrology (referring to the quantity and movement of water through an ecosystem) is one of the
principal processes responsible for creation and maintenance of aquatic habitat. The volume of
water in the Green River and its tributaries at various times during the year, and the degree to
which this has been altered by development, operation of dams, and other practices, has profound
implications for salmonid population viability. This chapter describes current and historic
conditions in the Green River watershed, with a principal focus on the mainstem Green River and
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major tributaries. The potential effects of proposed projects and possible future landuse changes
that may alter hydrologic conditions in the future are not considered here.

Two principal approaches have been taken to evaluating the hydrology of the Green/Duwamish
River River. The main body of this report describes existing and historic conditions based on
information contained in previous studies and literature and the report addendum describes a trial
approach to analyzing natural streamflows in the Green River. Together, the results of these
approaches were used to identify and evaluate hydrologic impacts on fish.

In the past, efforts to protect aquatic species from hydrologic impacts have largely focused on the
setting of minimum instream flows. Recent research however, emphasizes the importance of the
entire hydrologic cycle within which salmonids (Richter et a. 1996; Poff et al. 1997). This view
considers the evolved range of flow variation in a naturaly flowing river: the magnitude,
frequency, timing, duration and rates of changes of various individual and seasonal flow events.
Thus, both the literature based review and the trial natural flow analysis conducted for the Green
River were designed to evaluate this broad range of flow characteristics.

To facilitate these analyses, the mainstem Green River Basin has been subdivided into five sub-
watersheds: 1) the Upper Green River sub-watershed (upstream of the HHD at RM 64.5); 2) the
Middle Green sub-watershed (RM 32 to RM 64.5); 3) the Lower Green River sub-watershed
(RM 11 to RM 32); 4) the Green/Duwamish Estuary (downstream of RM 11); and major
tributaries (Soos Creek and Newaukum Creek) (Figure HYDRO-1). This partitioning reflects
divisions of the system by both natural and human influences, and to a certain extent, by fish use.

The following sections discuss major hydrologic impacts to the mainstem Green River drainage
area by sub-watershed. Impacts are generally classified as occurring due to flood control projects,
water use or land use activities.

RESULTS
UPPER GREEN RIVER SUB-WATERSHED (RM 64.5 TO RM 93)
WATER USE AND DIVERSIONS

The Upper Green River sub-watershed is primarily forested, with few residences and virtualy no
residentia development. The primary water use in the upper watershed consists of the City of
Tacoma's (Tacoma) North Fork Well field. The following discussion of the North Fork well field
was provided in a draft HCP recently completed by Tacoma (Tacoma 1999).

Tacoma operates a well-field that taps the North Fork Green River Aquifer, using the water to
partialy replace surface flows when the turbidity of the Green River reaches 3 NTUs and
completely replace surface flows at turbidity levels of 5 NTUs or greater. The well field,
developed in 1977, consists of seven wells that can be used to withdraw water from an unconfined
aquifer at depths ranging from 65 to 103 feet. Water from the well field is pumped into a pipeline
that flows into a 10-million gallon reservoir located near the Tacoma Headworks facility.
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The well field is used to replace surface water withdrawn from the Green River at RM 61.5 when
turbidity in the river is high. High turbidity in the Green River usually occurs in association with
high runoff and increased stream flows, thus use of the well-field generally coincides with high
flows in both the mainstem Green and North Fork Green River during the winter and spring. Over
a five-year period in the 1960s, periods of high turbidity (>5NTUs) in the Green River, during
which withdrawa from the well field would be required, averaged 85 days per year (Table
Hydro-1). Periods when well use would have been required have occurred in September;
however, those September turbidity events occurred when flows in the North Fork and mainstem
Green River were high (Noble, 1969).

Table HYDRO-1. Summary of Average Daily Flow in the North Fork Green River and Expected Well Demand
from the North Fork Well Field by Month.

Jan Feb | Mar | Apr May | Jun | Jul | Aug | Sept | Oct | Nov | Dec
Avg. Daily flow(cfs) * 147 124 | 92 117 121 | 73 26 12 24 38 96 169
Days of well use (avg)® | 15.2 | 10 6.2 8.8 11 5.4 0 0 2.6 2.4 | 10.2 | 13
Days of well use (range) | 4-25 | 0-28 | 0-18 | 0-23 | 0-20 | 0-20 | O 0 0-13 | 0-4 | 7-13 | 7-19

*Mean average daily flow at USGS gage 12105710 North Fork Green River near Lemolo, Washington for the period from July 1965 to
September 1982.

?Average number of days per month that well use would be required, based on the number of days
when turbidity exceeded 5 NTU’s measured at the Headworks over a five year period in the
1960’ s (Noble 1969).

The North Fork Green River aquifer is fed by water that infiltrates from the North Fork Green
River from where it enters the broad valley of the ancestral Green River (approximately RM 3.0)
until the point where the stream intersects the water table near the well field. The recharge rate is
directly related to river stage in the North Fork Green (Robinson, 1974). The mean discharge of
underflow is estimated to be 60 cfs (Noble, 1969), and may reach as much as 150 cfs during
winter months (Robinson, 1974).

Withd